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PHEFACE. 



Our age is characterized by no feature more 
distinctly, than by the fact that " knowledge has 
become dis-aristocratizcd and labor has become 
dignified." Science goes hand in hand with the 
useful arts, and a Liebig does not disdain to teach 
the ploughman, nor does the farmer reject what 
science offers. In such an age, it is not only im- 
portant to teach how each science may be turned 
to good and great account in the practical pur- 
suits of life; but he too, it is hoped, does some 
service, who succeeds in making an important 
branch, or any part of it, more easy of access, or 
more available to enlarged numbers. 

Noticing, in our literature, the want of a treatise 
which, in a popular style, should give the direc- 
tions for testing and analyzing the numerous inor- 
ganic compounds of nature and of art, I have con- 
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sidered that, hy translating professor "VVoeliler's ex- 
cellent work, I should be placing a serviceable book 
into the hands of many persons, to whom the 
originiil may be unintelligible. The name of the 
distinguished author ■will, I trust, be a recom- 
mendation to this volume, 

The original appeared in Goettingen, in 1849, 
under the title of Beispiele zur Uebung in der 
Analytisclien Chemie, or Leading Exercises in 
Analytical Chemistry, and was intended hy Mr. 
Woehler for the use of the students in his own 
laboratory. The large amount of practical inform- 
ation however, embraced within so compact a 
lorm, should insure it a wider circulation than the 
author seems to have contemplated, and I now 
place it before the American public, enlarged by 
such additions as I have believed it necessary to 
make, on account of the somewhat altered design 
and more extensive purpose of the work. 

The additions made by me, consist chiefly in an 
introduction, describing, in terms as brief as it was 
possible, the more general manipulations neces- 
sary in conducting chemical analyses, a description 
of the modes of analyzing many substances not 
given in the original, as also the results of the 
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analyses themselves, of nearly all of the com- 
pounds spoken of in the work, as ascertained by 
the best authorities. Besides these, it appeared 
useful, Trherever it was omitted in the original, to 
add the percentages of the ingredients sought, 
which exist in the compounds ohtained, in those 
cases in which it is impossible, or at least product- 
ive of loss, to separate the latter into their indi- 
vidual component parts. The invaluable work of 
Frezeniua on quantitative chemical analysis has 
been the chief book employed in providing them. 

For greater convenience, the centigrade degrees 
were changed into those of Pahronheit. 

In this shape, I trust, the present volume will 
not only form a useful acquisition to students of 
chemistry, but also a convenient hook of reference 
for those persons who are not habitually engaged 
in analyzing chemical compounds, but to whom, 
nevertheless, it is sometimes an important object 
to test the quality and value of different sub- 
stances. 

There are minerals and other compounds so 
similar to those treated of in the work, that no 
rules for their analyses have been given, A con- 
trary course would have swelled the work to an 
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unnece'ssary- size, caused an equally unnecessary 
expense, and would have led to tedious repetitions. 

In.^ll such cases, it will hardly be necessary to 
rettiarli that the rules given for similar compounds 
are also applicable to them. 

0. M. L. 

CoLUMEiA, S. C, May, 1852. 
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IKTRODTJCTION. 



In writing the introduction to this volume, it is 
not my intention to prepare an elaborate easay on 
the uses and purposes of Chemistry, or even to give 
more than a passing explanation of the aim of 
Analytical Chemistry ; as it is to be supposed that 
those who may find occasion to refer to this manual 
have already aci^uircd a sufficient insight into the 
general rules of theoretical chemistry, on which 
such a vast number of valuable works have been 
written that it would be superfluous for me to sug- 
gest any particular ines. The chief object of this 
introduction is to enumerate and explain the va- 
rious general manipulations which are necessary 
in the course of the analyses. The more especial 
ones, relating only to individual cases, are ex- 
plained in their proper places. 

Analytical Chemistry is that science, or rather 
that branch of chemistry, which provides us with 
the means of ascertaining the different constituents 
(elementa, see table of) of a compound, whether 
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natural or artificial. These compound bodica ave 
either organic or inorganic, and this volume only 
treats of the latter, the most useful, and of which 
y/es possess a far greater knowledge than of the 
former. Chemical analysis is subdivided into 
Qualitative and Quantitative, the former only de- 
veloping and separating the different kinds of ele- 
mentary constituents of a compound, while the 
latter goes farther, and ascertains the quantity of 
each. Both require, in their manipulations, the 
utmost precaution and neatness; and the latter, in 
particular, needs such extreme care that, in the 
eyes of the uninitiated, it may seem to approach 
to pedantry. 

The necessary implements in chemical analysis 
are : A very accurate balance, under a glass ease ; 
a Berzelins lamp, a small spirit lamp ; various sets 
of evaporating dishes and of beaker glasses ; glass 
tubes, rods, and funnels, of different lengths and 
dimensions ; some porcelain crucibles, and one of 
platinunu distilling apparatus, via., retort and re- 
ceiver ; a chloride of calcium tube, pipettes, a little 
furnace, and a blowpipe, with the reagents and 
other articles belonging to it. 

The reagents required are of two kinds, liquid 
and solid. Tho former are; — 
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IIybrochlouic, 

Sulphuric, 

Hydrosoli'Huric,! 

SuLpirtJiious,*' 

Nitric, 

Caustic Potash, 

CaUSTIO Ah HON! a. 

Caustic Sob a, 



INTRODUCTION, 
A.GIDB. 

I ly DEO CYANIC,* 



Tartaric, 
Silico-Fluokic* 
BASES. 

Hi-jiRArB OF Lime, 
Bromine Watee,* 
CnLOBiNB Water.* 



IIVDl 



F Baryta, 



SALTS. 
Caruonate of Soda, Chloride of Amsii 

Acetate oj? Soda, Hydbosulphate 

HYrOOHLORITE OF SoBA, KIUU, 



Phosphate 


OF Soda, 


Tartrate i 


]F An HON I A,* 


Pektasulp 


HCKET OF POTAS- 


Chmeide c 


-F Barium, 


SIITH,* 




Chloride < 


IF Platinum, 


Nitrate of 


■ Potash, 


Nitrate oi 


f Siltbr, 


Oxalate ob 


' Potash,* 


Nitrate oi 


' Mercury,* 


Chromate I 


,F Potash, 


Acetate oi 


' Lead, 


Chlorate c 


IF Potash, 


Succinate 


Of Iron. 


Oakbonate 


OP Ahmonia, 







* Those marked ttus * are either superfluous, or at ieiist 
necessary only in rery fow cases ; and are, therefore, only 
required in yery ainall quantities. 

t Sulphuretted hydrogen. This is easily decomposed 
wlien in solution, and henee the apparatus should be at 
hand. [See rig. 1.) 
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Distilled IVati 



These shoiikl be kept in glass vials or bottles, 
with ground glass stoppers, and carefully labelled. 
The solid reagents are : — 



Pure Lead, in granules (gal- Sulphite of Soda, 
vanically precipitated), Niteate of Soda, 



Iron Filikos, 
Saltpeteb, 

BOKAS, 

Chloride of Calcium, 

CtaNIDE of PoTASWUJl, 



Casbonate of AMMOtriA, 
Carbonate of Baryta, 

PKOTOSTJLrnUHET OP lRON,t 

Pkotosihb of Palladiust.* 



t The protoiulpliuiet of iion 11 Pmilij'\''d in malting 
salphurettoa hjiliogen, or lijdinaiilphmic ai id gas. It ia 




placed is a glass bottle, having two tubes passing through 
the coik, one to let out the gas, and this should be bent 
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Litmus Papee, red and blue, Swedish Filters. 

It ■will hardly be necessary to remark, that all 
these should he of the purest, moat unadulterated 
kind, Frezenius, in his famous work on analysis, 
gives the tests for all, and the modes of purifying 
them. 

The smaller the quantity of the ore, mineral, or 
artificial compound — which we have under investi- 
gation — that may eaffice for our purposes, the 
better in general will the analysis succeed; for the 
larger the amount, the greater quantity of reagents 
will he required, and these will be found to he very 
much in our way. Generally speaking, in the 
humid or wet process of analysis, one gramme, 
equal to about seventeen grains (say fifteen or 
twenty), will he found quite sufficient. 

Among the manipulations necessary in the course 
of the proceedings described in the following pages, 
the preparation of the various compounds for the 
action of the different reagents is the first which 

down, tte better to introciuce tlie gas into a beaker glaaa 
containing the aolution of the substanoo wa wish to preci- 
pitate ; the other with a funnel top, for the introduetion of 
Bulphui'ie acid and water. To pnrify the hydrosulphnrio 
ftoid we pass it through water. 
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30 INTRODUCTION. 

merits our attention. I allade to the reduction of 
the subatances, by pulverization or filinff, to a state 
in which every portion of the mass is perfectly 
exposed. 

If tho mineral, ore, or artificial compound is of 
such a nature that it is capable of being ground 
up, an agate mortar is required, or, if it is of too 
bard a quality, a steel mortar first, to 'prepare 
it for the one of agate. The proccsa^of pulve- 
rization is, perhaps, the moat wearisome of all 
in chemical analyses, particularly when the sub- 
stance under investigation is one that requires the 
full extent of this operation to be brought into 
execution ; and, in mere words, it is almost an im- 
possibility to show to what a stretch it is neces- 
sary to put tho patience and perseverance of the 
uninitiated, if the object is to attain to tho greatest 
accuracy of which the art is capable. The pro- 
cess must he effected by circular motions, never by 
perpendicular ones, i. e. pounding — or much of the 
'substance will be lost — until the least grittlness 
is no longer perceptible in the powder. If it be 
utterly impossible to procure this state in the mor- 
tar, as is the case in some few instances, it may 
become necessary to resort to washing, and thus 
to remove the grosser particles. 
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If the substance is malleable, and hence not be- 
longing to tbe first class, vte must have recourse 
to the file. To this division belong the pure 
metals or their alloys. 

"VVe now come to the process of digesting. By 
this term we designate a treatment of a precipitate 
or residue, which is necessary in almost every ana- 
lysis. It is to expose it for some time to a mild 
heat, with some acid or water, or whatever the 
peculiar liquid required may be. Generally, a 
glass vial, to hold the substance, is used for this 
purpose. 

Mltering is the next which calls for our atten- 
tion. This i3 performed by means of a funnel of 
glass, the paper being prepared so as to fit into it. 
I"or this it is necessary to cut out a circular piece, 
as shown in Fig. 2, after which the folding will 
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depend on its size, for iviLli the smaller ones we 
simply fold it according to tbe In oaks in Fig. 2, 
when it assumes the shape given in Fig. 3. A 



^^^ 



large filter it is necessary to fold in a great many 
little plaits, Fig. 4, for if it were simply folded as 
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the smaller kind, the weight on the one single iin- 
profcected side would he too great, and a hreak 
would be the consequence. 

We next come to washing or leaching. In 
speaking of washing or leaching a precipitate in 
the filter, it is merely meant that the washing 
Jiquid should gradually be poured oror it, and 
allowed slowly to percolate. The washing liquids, 
as will be seen from the following pages, may 
be very different. We sometimes use water, some- 
times ammonia, sometimes alcohol, and many 
others. All that is required of a washing liquid 
is, that it is fully capable of dissolving every par- 
ticle of the substances contained in the filtrate, 
while not the slightest portion of the precipitate 
is soluble in it. -We wash either with a pipette or 
with washing bottles. 

The washing bottle. Fig. 5, is a very simple 
and useful contrivance, consisting, as the figure 
shows, of a glass bottle or vial with a cork, through 
which two holes are made for the introduction of 
two glass tubes. One of these is very short, and 
does not extend any distance into the bottle. 
This is for the purpose of blowing in air, and thus 
forcing out the wafer or washing liquid through 
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Fig, n. 



/-i 




the longer tube, wbich should be drawn out to a 
point at the end, outside of the \iil. 

Fig. 6 represents tht '(elf aotmg ivasMng bottle. 



'xjPijjilillBf 



consisting of an inverted vial with two short tubes 
passing through the cork, and bent as depicted in 
the diagram. It is used to maintain a perpetual 
flow or rather dropping of the washing liquid. 
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35 



Decanting .-—Iti tlie course of an analysis, it ia 
frequently necessary to pour out liquids from one 
vessel into another. Every one is aware that in a 
quantitative analysis, where so niucli may depend 
upon the most trifling loss, it would be impossible 
to pour out the contents of a beaker glass or other 
vessel, without any farther precautions. To avoid 
the possibility of any of the liquid running down 
the outside of tbe glass, some tallow should be 
rubbed along the outside of that part of it over 
which we wish to pour the solution. It is ncccs- 
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sary to remark here that no large particles of 
grease should be allowed to remain on the glass, 
as they might be carried off with the, liquid. After 
making these preparations, a clean glass rod is 
held immediately over or against the greased por- 
tion, 80 as to shape the course of the solution, 
while with the other hand we raise the vessel, as 
illustrated in Kg, 7- 

The last mechanical operation in an analysis is 
the weighing. This should be performed with the 
utmost nicety and precision. To weigh with ac- 
curacy it is necessary to dust off every portion of 
the balance, on which any dust may have settled, 
with a brush (a common badger hairbrush, cut off 
even, is the best), before introducing the substance 
we desire to weigh. It is also necessary that the 
latter should in al! eases have cooled entirely, as 
otherwise the expansion produced by the heat 
would be productive of inaccuracy. Ample time 
should be allowed for the tongue of the balance to 
settle. Further directions it is almost impossible 
to give, and the rest must be left to the attention 
and acquired practice of the analytical chemist. 

It will be well to provide the rules here for test- 
ing the accuracy of a balance. If the arms of 
this apparatus, under ordinary circumstances, are 
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perfectly horizontal, and the tongue entirely per- 
pendicular, it does not yet show that the balance 
is truly correct, hut aimply that tho weight of the 
arms is well balanced, but it is still possible that 
one is longer than the other. To ascertain whether 
or not this is the case, it is necessary to place two 
eqnal weights, one on each plate or cup, and then 
to try again. If, under those circumstances, no 
alteration taJtes place, the balance is true in every 
respect. 

With the weighing, all the mechanical opera- 
tions are completed, and in many cases nothing 
remains but to make the necessary calculations, 
as will be shown. 

For the convenionco of having, as much as pos- 
sible, all that is necessary in the course of the dif- 
ferent analyses embraced within this volume, a 
table of the combining proportions of the elements 
ia attached at the end of the book. This is taken 
almost entirely from professor Wohler's Class- 
book on Inorganic Chemistry, and has been ar- 
ranged from the best analyses. Ihe sixty-two 
elements are placed according to their chemical 
relationship. 

It will bo necessary to give some directions for 
the use of this table. In making the calcula- 
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tion of tho percentage amount of the substance 
sov,ght, existing in the compound found, ttc pro- 
ceed thua: A being the sum of the equivalents of 
the constituents of the latter, while X is the per- 
e of the simple or at least less compounded 
e which it is onr desire to separate hy cal- 
culation from A, and Ji the equivalent of X. We 
say: — 

72x100.00 „ 

To make it more intelligible, it will in all proha- 
bility be preferable to give an example. 

Pyrophosphate of magnesia is produced by cal- 
cining the ammonio- phosphate of magnesia. The 
formula is P0j,2 (MgO) and tho equivalent num- 
bers of the elements are : — 

2 Mg = 316.28 
P = 392.04 
7 0= 700.00 

1408.32 
Now to calculate the magnesium in the com- 
pound, we say: — 

316.28 X 100 
1408.35 
for the phosphorus: — 
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392.04 X 100 



m-gj^-^''-"'' 



and for the oxygon:— 
700.00 > 



1408.32 ' 

tbat is to say, the compound in hundred parts 
consists of: — 

Magnesium = 22.44 

Phosphorus = 27.85 

Oxygen = 49.70 

100.00 

The whole of the oxygen ia here placed or 
added together; two atoms were tinited in the 
pyrophosphate of magnesia with the magnesium, 
forming oxide of magnesium or magnesia, while 
five were combined with the phosphorus in the 
phosphoii;, a^.id 

These calculations aie leiy ntcessaiy, at we are 
not enabled, except in compaiat \ely few ci^et, to 
reduce the different substances to then lospective, 
entirely independent foims, by any chemical pro- 
cess, except with great labor and loss Veiy fre- 
quently, even with theae obstacles, it is impos- 
sible. 

In the above e\ample, the compound has been 
completely dissected, if I may so express ) 



Healed byGoogIc 



40 iNTRODtrcworr. 

and exposed in its different elementary component 
parts ; but it is necessary to remark here, that, in 
giving the final results of analysis, it ia not com- 
mon so entirely to separate all the elements, and 
it was only with a view of making the process or 
rather calculations perfectly intelligible, that this 
was done in the above case. 

■■ In "stating the results respecting the analysis of 
pyrophosphate of magnesia, we should have pro- 
ceeded in the following manner: As already men- 
tioned, there were seven atoms of oxygen in the 
compound, two belonging to the magnesia, and five 
to the pyrophosphoric acid. Hence we divide the 
percentage of oxygen in the compound (49.70) by 
seven, which gives us 7.10 for each atom, and, 
therefore, we have : — 

Magnesium 22.44 
Oxygen 14.20 

36.64 for magnesia, 
and, 

Phosphorus 27.86 
Oxygen 35.60 

63.36 for pyrophosphoric acid. 

By adopting this plan, the composition of the 
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substance becomes much more obvious than ivould 
be the case if the magnasium, phosphorus, and 
oxygen were all given in their unconnected state. 
This fact will probably be yet more easily ex- 
plained by the following example. 

According to Professor Eammelsberg {Sand- 
worterhueh der Chemiselien Minerahgie,* vol. i. p. 
391) the mineral called yenite, or lieyrite, consists 
of:— 



Silica 


= 29.831 


Protoxide of iron 


= 33.074 


Peroxide of iron 


= 22.800 


Lime 


= 12.437 


Protoxide of manganese 


= 1.605 



99.647 
Now it is very evident that had all the elements 
been separated, in this case, and the oxygen 
and the iron each been calculated apart, a very 
imperfect idea of the character of the mineral 
would have been conveyed, for it is very important 
that the two different stages of oxidation in the 
iron should be carefully distinguished. 

Before closing these remarks, it will be necessary 

* Encyclopedia of Chemical Mineralogy. 
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to give some explanation of a somcivliat different 
calculation, which it is frequently necessary to 
mate. I allude to those casea where it is required 
to ascertain the quantity of a certain combination 
of a auhstance (in which state the substance was 
originally contained in the compound under in- 
vestigation) by calculation, from a certain other 
combination of the same substance, in which state 
the latter was produced hy the analysis. The 
following example will servo better to explain this 
than could be done without any specified case. 
To avoid repetition, we may employ another com- 
pound. 

A mineral contains magnesia in the shape of a 
sulphate, and by the analysis we have procared 
the pyrophosphate, which, aa already mentioned, 
contains 22,44 per cent, of magnesium, or 36.64 
per cent, (more accurately 36.637) of the oxide of 
magnesium (magnesia), while sulphate of magnesia 
contains 34.015 per cent, of magnesia. 

Let us now suppose that we found the mineral 
to contain, say ten grains of pyrophosphate of 
magnesia, or rather that, in the course of the 
analysis, that amount of that compound was pro- 
duced; in other words, therefore, that the amount 
of the mineral employed, contained 3.6637 grains 
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of magnoaia, -which was originally combined with 
sulphuric acid, having been in the state of sulphate 
of magnesia. Therefore, we say, 34.015 parts of 
magnesia are contained in 100.000 parts of sul- 
phate of magnesia, how much of the aulpliate do 
3,6637 parts of magnesia make? Or, 

100x3.6637 ir,Q=A , 1, , J. 

■ ■ f ^ - — = 10.»5y sulphate oi magnesia. 

In the work of Frezenivis, already mentioned in 
the preface, and in Eammelberg's Stoeohiometrie, 
Berlin, 1842, very elaborate treatises on the cal- 
culation of analyses have been given, to which I 
must refer those who may desire further in- 
formation with regard to it, as it would not come 
within the compass of the plan of this work to 
dwell more at large on this subject, though the 
remarka here made will he sufGcient for most 
practical purposes. 
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CHEMICAL ANALYSIS. 



I. — POTASH AND SODA, 

If it is desirable to ascertain the quantities of 
each, and not merely to effect an inaccurate sepa- 
ration, it is necessary that both these substances 
should be present in the state of chlorides. If not 
originally in that shape, it is only required to 
neutralize the solution with hydrochloric acid, 
then to evaporate to dryness, and afterwards beat 
the residue to redness in a platinum crucible, and 
weigh, to have the exact weight of the compound. 
Then slightly moisten it, and add drop by drop an 
excess of a rather concentrated solution of chloride 
of platinum. After that the solution, together 
with the precipitate, should be evaporated to dry- 
ness in a water bath, and alcohol poured over the 
whole, and, after several hours of maceration, the 
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liquid portion, containing the soda, filtered off. 
The residue, being plati no- chloride of potassium, 
18 dried and weighed, the exact weight of the 
filter at 212° F. being, known. This is done 
after first washing it off with alcohol, and at a 
temperature of 212° F. 100 parts of this salt 
are equal to 30.55 parts of chloride of potassium, 
or 19.33 of potash. 

The solution, wMch contains the platino-chloride 
of sodium, ought etill to he of a strong yellow 
color. The amount of soda is ascertained by do- 
ducting the weight of the potash from the weight 
of the whole compound. 

II. — AMMONIA. 

Ii' a solution contain no other than an ammonia 
salt, it should be mixed with hydrochloric acid and 
chloride of platinum, and then slowly evaporated 
to dryness in a water hath, the residue mixed with 
alcohol, and the precipitated platino-chloride of 
ammonia filtered on a weighed filter, washed with 
alcohol, and dried at 212° F. 

If a solution, or a salt, should contain other 
bases besides the ammonia, it is to be distilled 
with caustic soda, until all the ammonia is driven 
off and transferred to the receiver. The ammonia, 
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and the other distilled solution, we condense in 
diluted nniriatic acid. 

This aolution is then to he evaporated to dry- 
ness in a weighed vessel, and the eal-ammoniae 
weighed as such. Or chloride of platinum is mixed 
ivith it, the whole evaporated to dryness, the ex- 
cess of chloride of platinum washed out with alco- 
hol, and the ammonia-chloride of platinum dried at 
212°, and weighed. 

Ill, — THE ALKALIES AND MAGNESIA. 

To separate potash and soda from magnesia in 
the quantitative analysis all three must be trans- 
formed into chlorides. If we have them, as com- 
monly is the case, in a solution, and mixed with 
salts of ammonia, -we evaporate it to dryness, and 
then heat the residue in a platinum crucible, until 
the salts of ammonia are evaporated. We may 
then proceed in three different ways: — 

1. Either we place a piece of carbonate of am- 
monia in the crucihie, at the same time heating it 
to redness and keeping it covered. This we repeat 
several times, thus changing the chloride of mag- 
nesia into magnesia, which then dui-ing the solu- 
tion of the various chlorides of alkalies remains 
undissolved. 
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2. Or we add in the crucible, to the mixture of 
the three chlorides, some pure oxide of mercury, 
and then heat until al! the mercury is evaporated, 
by which procedure a still more accurate and per- 
fect change of the chlorate of magnesia into mag- 
nesia is produced. 

3. Or, according to a third method, we digest 
the three chlorides with carbonate of siiver ; thus 
only decomposing the chloride of magnesia ; car- 
bonate of magnesia being precipitated. Prom the 
filtered mixture of chloride of silver with the excess 
of carbonate of silver and Carbonate of magnesia, 
we extract the latter with diluted hydrochloric 
acid. 

IV. — ROCIIELLH SALT, OR SALT 01? SISGNETTB. 

T,KO,NaO + 8aq. 

By careful heating, the water of crystallization 
is driven off. 

If it is simply desired to establish the fact of 
potash and soda being present, the concentrated 
solution should first be mixed with concentrated 
hydrochloric acid, and then with alcohol. By this 
process almost all the potash is precipitated as bi- 
tartrate of potash, while the soda remains in the 
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solution as chloride of sodium, and may be extracted 
by evaporation. 

To asoertaia the quantity of potash and soda 
present, the salt is first heated to redness, the car- 
bon of the tartaric acid extracted with , diluted 
hydrochloric acid, filtered, and concentrated by 
evaporation, and then the chlorides of potassium 
and sodium separated by chloride of platinum, as 
in Art. I. 

V. — SULPHATB OS MAGNESIA {ePSOM SALTS) AND 
SULPttATB OF SODA (GLAUBER SALTS), OS SUL- 
PHATE 0]f POTASH, 

Several different methods can be resorted to in 
the analysis of these compounds. 

1. According to one, when oar intention is to 
discover an admixture of Crlauber salts in the Ep- 
som salts, the salt — we use that which has been 
exposed to the action of heat, and has decrepitated^ 
i. e. given off its water of crystallization — is mixed 
with charcoal powder, and exposed to an intense 
red heat. If sulphate of soda he present, water 
will then extract proto-sulphuret of sodium (NaS) 
which emits sulphuretted hydrogen (hydro sul- 
phuric acid) with hydrochloric acid, common table 
salt (NaCl) remaining. 
5 
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2. Magnesia being present, the process should 
ho the following. Prom the solution of sulphate 
of magnesia all the sulphuric acid and magnesia is 
precipitated bj hydrate of baryta, Ba+SO^ and 
MgO (both inaolublo substances in water) being 
formed. iFrom the filtered solution the excess of 
baryta should be precipitated with carbonate of 
ammonia. The solution is then to be heated to 
boiling, filtered and evaporated to dryness, when 
carbonate of soda remains, the exact amount of 
which may be ascertained after heating to redness. 

From the precipitate of baryta, the magnesia 
can he extracted with diluted sulphuric acid, and 
then reprecipitated with ammonia and phosphate 
of soda, and its weight ascertained. (Compare 
Arts. VI. and XX.) 

3. 100 parts of pure sulphate of magnesia, 
weighed in a dried state, dissolved in water and 
mixed with a solution of sal-ammoniae and caustic 
ammonia, and then precipitated with phosphate of 
soda, should give 45.5 parts of pyrophosphate of 
magnesia, weighed after heating, for before that 
the precipitate is ammonia-phosphate of magnesia, 
Should it give less, the deiicit will bo equal to the 
admixture of sulphate of soda. This way will be 
found a very practical one, where it is only desira- 
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ble to ascertain the amount of cacli of the two salta 
in the compound. 

4. If the sulphate of magnesia contain bisulph- 
atG of potash, we should produce chloride of po- 
tassium, as in the first method of this chapter, 
with soda, or carbonate of potash, according to the 
direction given for soda in the second. The first 
salt ia known from its being precipitated by tar- 
taric acid or chloride of platinum, the latter from 
its absorbing atmospheric moistyro, and dissolving, 
or, as it is termed, being deliquescent. 

VI. — CARE0NATE3 OF LIMB AHD MAGNESIA. 

The compound should he dissolved in nitric acid, 
the solution neutralized with ammonia and the lime 
precipitated with oxalate of ammonia, or which 
amounts to the same with oxalic acid and ammonia. 

After the solution has perfectly digested in a 
mild heat, and settled, it is to be filtered, the pre- 
cipitate washed, dried, heated to redness, moist- 
ened with carbonate of ammonia, dried and heated 
again, and then weighed as carbonate of lime; or 
else it should be moistened with concentrated sul- 
phuric acid instead of carbonate of ammonia, the 
excess of acid evaporated, and the lime heated and 
sulphate of lime. 
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The solution -wMch yet contains the magnesia, 
should receive an excess of caustic ammonia, after 
which we precipitate with phosphate of soda, ivash 
it with diluted caustic ammonia, dry, Leat, and 
weigh as (MgO),+ (PO,). {Compare Art. XX.) 

VII. — CARBONATES 01? LIME AND EAItXTA. 

After dissolving in nitric acid, the solution should 
be diluted with water, the baryta precipitated with 
sulphui'ic acid, and, on allowing time to settle, 
filtered, washed, dried, and, after burning the fil- 
ter, heated to redness and weighed. The filtered 
solution of lime is mixed with an excess of ammo- 
nia, and then oxalic acid added as in the last 
chapter, where this whole process has already been 
described. 

VIII. — CARBONATES OE BARYTA AND SXRONTIA. 

The compound is to be dissolved in nitric acid, 
care being taken not to add an excess of the acid, 
and the baryta precipitated with silico-fluoric acid. 
ITrom the filtered solution the strontia is precipi- 
tated with an excess of sulphuric acid, 

A less accurate method is to dissolve in hydro- 
chloric acid, evaporate to dryness, and to extract 
the chloride of strontium by alcohol, in which the 
chloride of barium is hardly soluble. 
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IX. — SULPHATES OE BAIIYTA AND OP STRONTIA. 

These two sulphates are among the most inso- 
luble salts, and therefore, before treating them far- 
ther, it is necessary to transform them into car- 
bonates, which is effected by boiling the very care- 
fully and finely ground powder of the mineral in a 
concentrated solution of carbonate of soda. The 
supernatant liquid should be filtered off from the 
newly formed carbonates at a boiling heat, after 
which the latter are to be washed off, still remain- 
ing in the filter, with boiling water, wlien they 
may be dissolved in nitric acid, and treated as 
directed in the last chapter. 

The reason why the carbonated earths should be 
separated at a boiling temperature from the solu- 
tion of sulphate of soda, is, simply, that, if allowed 
to cool together, the original sulphates will again 
be formed. 

Prom this it may be easily seen that a more 
safe method is to heat the original sulphates to 
redness in a crucible, together with three times 
their weight of carbonate of soda in its solid form. 

5* 
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X. — SULPHATE OF BAKYTA, OP STROSTIA, ASD OE 
LIME. 

To separate these three, it ia of course noccs- 
Bary, first to produce the carbonates of baryta and 
etrontia, as given in the last chapter, after which 
we should proceed according to the rules given in 
Articles VII. and VIII. 

XI, — CAEBONATE OF BARYTA, OF STEONTIA, OP 

LIMB, AND OF MA&NESIA. 
The compound should bo dissolved in nitric acid 
and then diluted with water, after which baryta 
and strontia are precipitated with sulphuric acid, 
and separated as above. The filtrate contains the 
lime and magnesia, which are treated as described 
in Article VI. 

XII. — HYDRATE OP CARBONATE OF LEAD OR PURE 
■WHITE LEAD. 

Pure white lead, PbO+CO,+aqor SPbO + HO, 
is entirely soluble in diluted nitric acid. After 
drying at 212° it still gives off much water, when 
heated to redness, and is converted into the yellow 
oxide. The amount of water may be ascertained 
by employing a chloride of calcium tube, and the 
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carbonic acid from the losa. Sometimes it also 
cootains basic acetate of lead. 

Xni, — CARBONATE OF LEAD, CARBONATE OE LIME, 
LIME, AND SULPHATE CiE BARYTA (WHITE LEAD 
OF commerce). 

Tliia compound should be treated with nitric 
acid, by which the sulphate of baryta remains un- 
dissolved. From the filtrate, the lead can be pre- 
cipitated with sulphuric acid, or better with hydro- 
sulphuric acid, and afterwards the lime, as an 
oxalate. The barytes is a spurious addition, which, 
on account of its great specific gravity, is not so 
readily distinguished, as a larger quantity of the 
lime might be, which is also only added on account 
of the greater value of the lead. 

XIV. — CARBOHATB AND SULPHATE OE LEAD, AND 
SULPHATE OF BAEYTA (WMITB LEAD OF COM- 
MERCE). 

The carbonate of lead is dissolved in diluted 
nitric acid, the two other admixtures remaining. 
The leached precipitate we digest in a solution of 
tartaric acid, containing an excess of ammonia, by 
whicli process the sulphate of lead is dissolved. 
I"rom tliis ,s.olution the lead is precipitated with 
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hjdro-sulpliuric acid or chromate of potiish. After 
this the sulphate of barjta, alone remains. 

XV. — ALUM (natural, NATIVE). 

(KO,S03+AI,03S,03+24 aq.) 

'From tlic solution id water the alumina should 
be precipitated with ammonia, the filtrate evapo- 
rated to dryness, and the residue heated to redness 
in an atmosphere of carbonate of ammonia, to 
drive off the sulphate of ammonia, when sulphate 
of potash remains. 

The alumina, precipitated in the ahove manner, 
yet contains sulphuric acid and potash, from which 
we can free it, by dissolving in hydrochloric acid, 
and reprecipitating with ammonia. 

For a quantitative analysis, the sulphuric acid 
contained in the solution of alum should be pre- 
cipitated with chloride of barium. 

The liquid portion, filtered off from the sulphate 
of baryta, still contains the alumina, together with 
a probable excess of the baryta, which we previ- 
ously introduced for the sulphuric acid. Both of 
these we may precipitate by adding a mixture of 
caustic and carbonated ammonia. 

After applying heat, this precipitate should be 
filtered off, the solution evaporated to dryness, and 
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the residue heated until al! the sal-ammoniac has 
left. Nothing remains but chloride of potassium. 

The precipitate of alumina and carbonate of 
baryta which we obtained above ought to be dis- 



the solution heated 
'.d gas, and then diluted, ■ 
itate the alumina. This 



solved in hydrochloric i 
to drivo off the carbonic b 
when ammonia will precipit; 
should be filtered off very quickly, allowing aa 
little atmospheric air to act upon it as poasihle, as 
otherwise the carbonic acid which might be brought 
in contact with the solution, would reprecipitate 
the baryta. After leaching and drying, the preci- 
pitate is to be heated to redness and weighed. 

The water contained in the alum can he calcu- 
lated by the loss, or else its amount may be ascer- 
tained directly by the application of heat, slowly 
advanced to redness. 

XVI.— EERRO-AMMONIACAL ALUM. 

(NI-I,0,SO Fe03,S,03+24 aq.) 
By careful heating, the water of crystallization 
ia to be driven off, and its weight ascertained. 

Another portion of the mineral should then be 

dissolved, mixed with hydrochloric acid, and the 

sulphuric acid precipitated with chloride of barium. 

A third quantity should be distilled with an ex- 
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cess of a solution of potaab, some hydro elilorie 
acid being placed in the receiver to combino with 
the ammonia, (See Art. II.) 

The precipitated oxide' of iroQj containing also 
potash, should be filtered off, washed several times, 
dissolved in hydrochloric acid, precipitated with 
ammonia, and, after again filtering and washing, 
dried, heated to redness, and weighed. 

SVII. — POTASH-OHBOME ALUM. 

K0,S0,-)-^j'^4 83,03+24 aq. 

By carefully heating a weighed portion, the 
water of crystallization is driven ofi', and the amount 
ascertained by the loss. 

Another weighed portion should be dissolved in 
water, and from it the sulphuric acid be precipi- 
tated with chloride of barium, and this precipitate 
of sulphate of baryta filtered off, washed, dried, 
heated, and weighed. 

From the solution of a third weighed quantity, 
alumina and oxide of ehrome are precipitated by 
caustic ammonia, when tho solution is nearly at a 
boiling heat. This double precipitate, after sepa- 
rating it from tho liquid portion and washing, 
ehould be heated to redness, and their weight as- 
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certaineil, after which it should he mixed witli twice 
its weight of carbonate of soda, and also a double 
amount of nitre (saltpetre, nitrate of potash), and 
in this state exposed to a melting heat in a porce- 
lain crucible. Chromate of potash is thus formed, 
and may bo separated and extracted from the 
alumina hj the application of water. The treat- 
ment of the chrome is then the same, as will be 
explained hereafter in the article on chromate of 
iron. 

The alumina precipitate is yet very alkaline, 
and, therefore, if it is our intention to weigh it, it 
ought first to be dissolved in hydrochloric acid, 
and then reprecipitated with ammonia. 

The filtrate procured from the precipitate of 
alumina and oxide of chromium should bo evapo- 
rated to dryness,, and the saline residue heated 
with usual care, to drive off the ammoniacal salt, 
and then the heat slowly increased to redness, 
while a piece of carbonate of ammonia is held in 
the crucible. The residue is sulphate of potash. 

Another though less precise and accurate me- 
thod of separating alumina and oxide of chromium, 
is to dissolve the hydrates in caustic potash, and 
boll the solution, until the oxide of chrome is pre- 
cipitated. 
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XVIII. — SPATnOSB IKON ORB (FeO + 00^), FRE- 
QUENTLY ADULTBBATED BY THE CARBONATES OF 
MANGANESE, LIMB, AND MAGNESIA. 

The powdered mineral should be dissolved in 
hydrochloric acid, nitric acid being added very 
gradually during the process. Then the solution 
being diluted with water, it should be neutralized 
■with carbonate of soda, until it has turned to a 
reddish-brown color, when a concentrated solution 
of acetate of soda is added, and the whole heated 
up to the boiling point. In this manner peroxide 
of iron, and that alone, ia precipitated. The filtrate 
from this should he neutralized and mixed with 
hypochlorite of soda, and thus permitted to stand 
for twenty-four hours, when the manganese will be 
precipitated in the shape of the hyperoxide or per- 
oxide, having the symbol MnO^. The application 
of heat transforms it into a combination of the 
protoxide with the sesquioxide, represented thus : 
MnO-t-M.Oj. 

The filtrate produced after precipitating the 
manganese, should ho examined for lime and mag- 
nesia, as given in Art. V. 

Another method of analyzing this mineral is the 
following : — 
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The mineral is dissolved as in the first case, and 
slightly digested with a small excess of carbonate 
of baryta, by which peroxide of iron ia precipitated, 
and this entirely, but, ae a matter of course, to- 
gether witb baryta. 

This precipitate is washed, after being filtered, 
and then dissolved in hydrochloric acid, after 
which the baryta should be precipitated with sul- 
phuric acid, and then the iron with ammonia. 

The filtrate procured aboye from the precipitate 
of oxide of iron, and carbonate of baryta, still may 
contain besides the baryta which was added, prot- 
oxide of manganese, lime, and magnesia. The 
baryta is first to be precipitated with sulphuric 
acid and the manganese, either as in the first pro- 
cess, or as hydrosulphate of manganese, by adding 
hydrosulphate of ammonia. Lime and magnesia 
are treated as in Art. V. 

A third plan may be adopted when the percent- 
age of protoxide of manganese and of lime and 
magnesia ia very small. In this ease, the acid solu- 
tion should be diluted with a considerable amount 
of water, and carbonate of soda gradually added, 
while constantly stirring, until the reddish-brown 
color appears, and afterwards more, until all the 
oxide of iron is precipitated. The other bases re- 
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main dissolved in the free carlioiiic acid, and may 
be treated as above. 

The following are the analyses of spathose iron 
ores from different localities. According to Ber- 
thier a lamellar variety, from Baigony, contains : 
protoxide of iron, 53.0 ; carbonic acid, 41.0 ; oxide 
of manganese, 0,6; and magnesia, 5.4. Beudant 
gives the composition of an hexagonal variety, from 
England, as consisting of protoxide of iron, 59.97. ; 
carbonic acid, 38.72; oxide of manganese, 0.39; 
and lime, 0.92, . A specimen from tho Harta 
Mountains, in Germany, according to Klaproth, 
contained 57-50 per cent, of peroxide of iron, 36.00 
of carbonic acid, oxide of manganese 3.30, and lime 
1.25. The symbol or formula of a spathose iron 
ore from Bhrenfriedersdorf in Saxony is 2(MnO + 
COJ + 3(FeO-|-COJ, that of the ore from Autun 
and Viaille, according to Bertier, is 2(I'e04-COj) 
+ MgO,COj. It is, therefore, principally FeO + 
COj= 1 atom of Fe(= 61.37) + 1 atom C0,(= 38.63). 
Including tho admixtures of lime and magnesia, 
wc have the formula. 

FeO 

^^"^ ^ CO.. 
CaO ' 

MgO 
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SIS. — ALUMINA AND PEROXIDE OF IllOK. 

Hydro cMoric acid sliould be used as a solvent, 
We may then proceed in different ways. 

One method is to precipitate both as hydrates 
by means of ammonia, after which the alumina 
can be extracted with a solution of caustic potash. 
This separation is, however, not sure and perfect. 

A better plan is to precipitate the iron first, as 
a Besquisulphurct, by boiling the solution with 
yellow hydrosulphate of ammonia. 

The most accurate way of separating the two 
ingredients of this compound, is to heat the acid 
solution to a low boiling, while, to reduce the 
peroxide of iron to the protoxide, sulphite of soda 
is added, tho solution neutralized with carbonate 
of soda, and caustic soda in solution mixed with it. 
The whole is then to be boiled until the precipitate 
is converted into a black powder. 

The supernatant liquid, "after having been filter- 
ed off, should receive a slight-excess of hydrochlo- 
ric acid, after which wo add a "sraal! qua;ntity of 
chlorate of potash, and heat to boiling, thus de- 
stroying any organic matter which may have been 
dissolved from the filter, and which would prevent 
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the perfect precipitation of tlie aluTnina, which is 
afterwards effected by adding ammonia. 

XX. — ALUMINA AND PHOSPnOItlC ACID. 

Supposing that, as generally is the case, the 
alumina was precipitated together with the phos- 
phoric acid by ammonia, we would proceed thus :— 

First dissolving the precipitate in a solution of 
caustic soda, we dilute it with water, and precipi- 
tate the phosphoric acid with chloride of barium 
or hydrate of baryta, as phosphate of baryta, after 
which we add more caustic soda, and then bring 
the liquid nearly up to the boiling point (say 200° 
F.), after which we filter it off and examine for 
alumina, as in the last chapter. 

The precipitate of phosphate of baryta should 
be dissolved in hydrochloric acid, when the bai-yta 
is to be precipitated with sulphuric acid, and after- 
wards the phosphoric acid with sulphate of mag- 
nesia and ammonia, as ammo niaeo- phosphate of 
magnesia, characterized by its beautifully crystal- 
line form, when examined under the microscope.* 
This double phosphate of ammonia and roagnesia 



" Tbo formula of ammoniaoo-phospliate of mn.gneaul if 
(NO,H„MgjO + PO5) + 12H0. 
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forma slowly, and is remarkable for collecting in 
particular around the parts of the beaker glass, 
wliieh may have been touched bj a glass rod. 
The real cause of this phenomenon is not exactly 
ascertained, but it is probable that the glass rod 
removes a peculiar oleaginous coating, with which 
glass is usually covered, and that this induces the 
salt to settle there easier and sooner than in other 
places. In a quantitative analysis this should be 
avoided as much aa possible, as it is very difficult 
afterwards to remove it from the glass. Consider- 
able time should be allowed for the formation of 
the salt. 

Another method for ascertaining the amount of 
phosphoric acid, is to dissolve the phosphate of 
baryta in diluted nitric acid, and to reprecipitate 
it with ammonia. After heating to redness, the 
precipitate is equal to BasOjPjOj. (See page 88.) 

XXI. — PlJOSPnOnlC ACID AND PEROXIDE OP IRON. 
If it is merely our desire to ascertain the pre- 
sence of phosphoric acid in the oxide of iron, and 
not to acquaint ourselves with the quantity, the 
■ oxide should be heated to redness, together with 
about an equal weight of carbonate of soda, after 
which the alkali salt ought to be extracted by 
6* 
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i\'ater, Tviion an excess of hydi'oehloric aciil, and 
then of carbonate of ammonia ie added, after which 
we are enabled to precipitate the phosphoric acid 
.with sulphate of magnesia. 

Another method ie to dissolve the oxide of iron 
in hydrochloric acid, to precipitate with ammonia, 
and mix and digest the whole mass with hydro- 
sulphate of ammonia, so that the oxide of iron is 
converted into the sesquiaulphuret. The liquid 
portion containing the phosphoric acid, is then 
filtered off and treated as previously detailed. 

In a very accurate quantitative analysis, when 
there is but little phosphoric acid and much per- 
oxide of iron present, the following process ought 



Dissolve in hydrochloric acid and keep it at a 
boiling temperature, at the same time introducing 
sulphite of soda, until the color of the solution 
has changed to a light green, in other words, until 
all the peroxide of iron has been converted into 
the protoxide- Then boil until the vapors of sul- 
phurous acid are no longer perceptible, after which 
neutralize with carbonate of soda, and then, for 
the formation of peroxide of iron, add a very 
small amount of chlorine water, the requisite 
quantity of which varies according to the amount 
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of phosphoric acid. After this an excess of 
acetate of soda is added, which causes a white 
precipitate of phosphate of iron. More chlorine 
water is then added, drop hj drop, until the solus 
tion has changed to a reddish color, after which 
boil, thus causing the precipitate to collect pro- 
perly. Then filter and extract the phosphoric 
acid by treating it with hjdrosulphate of ammo- 
nia, as above, or else dissolve it in hydrochloric 
acid, mix with sulphate of soda, add caustic soda 
in excess, and boil until the precipitate is trans- 
formed into black FeO + Fe^Oj, when filter. The 
phosphoric acid is then precipitated with magnesia, 
aa above. 

XXII.— PHOSPHATES AND CARBONATES OP LIMB 
AND MAGNESIA (bONB-ASH). 

One method for the analysis of this compound 
is to dissolve it in nitric acid and precipitate the 
phosphates of lime and magnesia with ammonia, 
the carbonate of lime remaining suspended in the 
liquid until precipitated with oxalic acid. 

The precipitate of the phosphates should he dis- 
solved in the smallest possible quantity of acetic 
acid, and the solution neutralized with carbonate 
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of soda, when the lime is precipitated with neutral 
oxalate of potash. 

From the filtrate the magnesia is precipitated 
hj adding an escesa of ammonia, as amraoniaco- 
phosphate of magnesia, and from the solution 
filtered off from this precipitate, the remaining 
phosphoric acid is precipitated with sulphate of 
magnesia. 

Another method ia to dissolve the bone-ash in 
nitric acid, and neutralize, as far as possible, with 
carbonate of soda, and add acetate of lead to pre- 
cipitate the phosphoric acid. 

Prom the filtered and waahed phosphate of lead, 
the phosphoric acid ia separated by sulphuric acid 
or sulphuretted hydrogen. 

Prom the solution of lime and magnesia, the 
excess of lead which may have been added should 
be precipitated with sulphuric acid, or sulphuretted 
hydrogen, after which the lime and magnesia aro 
separated, as in Article VI. 

A third method is to digest the bone-ash with an 
excess of diluted sulphuric acid, then to evaporate 
the whole almost to dryness, and to extract the 
phosphoric acid with alcohol. 

The residue of sulphates of lime and magnesia 
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is liiasolved in water, and treated a3 detailed in 
Article V. 

Fluoride of calcium ia also, in minute quantity, 
an ingredient of animal bonea, eapecially of the 
enamel of the teeth. It is a very remarkable fact 
that fossil bones contain much more fluoride of 
calcium than recent onea; in somo cases even 10 
per cent. Even human bones of an ancient date, as 
bonea from the tombs of Egjpt, or from Pompeii, 
appear to contain more fluoride of calcium than 
those of the present day. In Article LXXV. 
directions are given for the treatment of this 
compound. 

XXin. — EOG-iaON ORE, J5K0WN irEMATITB, COKSIST- 
XNS OF PEROXIDE OF IRON, PUOTOXIDE OIT MAN- 
GANESE, ALUMINA, LIME, MAGNESIA, SILICA, 
PHOSPHORIC ACID, AND SOMETIMES ARSENIC ACID, 
AND OOPPBK. 

The mineral ia dissolved in hydrochloric add, 
the masa evaporated to dryness at 212° F., redis- 
solved in warm, dilute, hydrochloric acid, and fil- 
tered to remove the sand and liberated ailicic acid. 

The solution ought then to be boiled with sul- 
phite of soda, to reduce the peroxide of iron to the 
protoxide, and the arsenic acid to the metal (until 
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no odor is any longer perceptible), anfl then the 
z precipitated with hydrosnlphuric acid gas, 
isulphuret of araenie, which may some- 
times contain copper. (See Article XXIV.) 

After removing this precipitate bj filtration, the 
solution should be boiled until all the sulphuretted 
hydrogen is driven off, when carbonate of soda is 
added, and the whole boiled with an excess of 
caustic soda, until the precipitate is converted 
into a powder. 

The solution, after filtering, contains all the 
alumina and a part of the phosphoric acid, which 
are separated, as in Article XX. 

The precipitate consists of peroxide of iron, 
protoxide of iron, carbonate of manganese, and the 
carbonates and phosphates of lime and magnesia. 
It should be dissolved in hot nitric acid; the solu- 
tion, ao far as possible,' neutralized with carbonate 
of soda, and boiled with acetate of soda. By this 
process all the oxide of iron and phosphoric acid ia 
precipitated. To separate the two, the precipitate 
is treated as in Article XXL 

The filtered solution contains the protoxide of 
mangahcae and lime, and magnesia; these are 
separated, as in Article XVIII. 
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SXIV. — PHOSPHATE AND ARSSNIAT3 OE LEAD. 
This compound should be dissolved in nitric 
acid, the solution mixed with ammonia, and then 
with hjdrosulphate of ammonia, both in excess, 
and irith them slightly warmed for some timo 
(digested). The sulphuret of lead is then removed 
by filtration. From the filtrate the seaquisulphiirefc 
of arsenic is precipitated by hydrochloric acid, the 
solution filtered from it concentrated, caustic am- 
monia, and then sulphate of magnesia added, and 
thus the phosphoric acid precipitated as ammoniaco- 
phosphate of magnesia. 

It may be well to mention here, that the sesqui- 
Bulphuret of arsenic consists of: — 

Arsenic = 60,95 

Sulphur = 39.05 

100.00 

XXV. — SCHWEINPURTH GREEN. 
CuO,Ac*-|-3(CuO)A30,. 

Boiling with a solution of caustic potash extracts 
the acids, red oxide of copper remaining, as one- 
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third of the arsouious acid ia converted into arsi^nic 
acid. 

By adding an excess of acid, and then carbonate 
of ammonia and sulphate of magnesia, ammoniaco- 
phosphate of magnesia ia precipitated. 

If this paint be macerated with a mixture of 
concentrated hydrochloric acid and alcohol, a solu- 
tion of chloride of copper ia formed, and the arae- 
nious acid remains as a white powder. 

If distilled with diluted sulphuric acid, the acetic 
acid passes over, and may be brought in contact 
with a base, and weighed as a salt. 

SXVI.— IMPURE BLUB VITEIOL, CONTAININS, BB- 
SIDES THE SULPHATE OE COPPER, ALSO THE SUL- 
PHATES OP IRON AND ZINC. 

After dissolving in water, the solution should bo 
slightly acidulated with a little sulphuric acid, and 
the copper precipitated with sulphuretted hydro- 
gen, aa disulphuret of copper, filtered and washed 
with a solution of hydrosulphuric acid. 

The filtrate ought then to be hoUed, hypochlorite 
of soda being very gradually added to change the 
protoxide of iron into the peroxide, after which it 
should be neutralized with carbonate of soda, mixed 
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with a, solution of acetate of soda, and boiled, by 
ivhicli the iron alono is precipitated. 

Trom tho filtered solution the oside of zinc is 
precipitated at a boiling temperature with carbonate 
of soda. 

Another way of separating the oxides of iron 
and aine, is to mix their solution with an excess of 
caustic ammonia, th«s precipitating the peroxide 
of iron alone, after which tho zinc ia precipitated, 
either with the sulphuret of an alkali, or by boiling 
with carbonate of soda, 

XXVII. — THE PEaOXIDES OF MANGANESE, IRON, AND 
ZINC, 

The iiBolution, which contains the iron in the 
shape of peroxide, should be mixed with a suffi- 
cient quantity of carbonate of soda to form a 
stable* precipitate, after which acetate of soda is 
added, and the whole boiled, all the oxide of iron 
being thus extracted. 

After filtering, the solution is to be acidulated 
with acetic acid, and the zinc precipitated with 
hydro-sulphuric acid gas. (See also Art, XXXV.) 

* If too little is added, the precipitate will redisaulye on 
being shaken. 
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After neutralizing the filtrate either with hypo- 
cblorito of soda, or at a boiling temperature with 
the carbonate, the manganese may be precipitated 
as in Art. XVIII. 

XSVIII. OOLD ASD SILVER, 

Different processes should be adoptetJ with dif- 
ferent percentages of silver. 

Prom an alloy, containing less than 15 per cent, 
of silver, aqua regia will extract all the gold, leav- 
ing chloride of silver. For all the silver to be 
precipitated, the solution should be diluted. The 
gold may then bo precipitated by oxalic acid, or 
sulphate of iron. (See Art. XXIX.) 

From an alloy, containing more than SO per 
cent, of silver, nitric acid will dissolve all the 
silver, while the gold remains. The silver may 
then, after filtration, be precipitated with muriatic 
acid, as chloride of silver, which contains 75.28 
per cent, of the pure metal. 

Prom an alloy, containing between 15 and 80 
per cent, of silver, it is impossible to extract all the 
silver with nitric acid, or all the gold with aqua 
regia, because, in the former case, the silver is not 
sufiiciently exposed, and, in the latter, the gold is 
very soon covered with a film or coating of cMo- 
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ride of silver. It is therefore necessary to re- 
sort to another process. The alloy should be 
jnelted down in a porcelajn crucible, with its treble 
weight of pure lead. From this alloy nitric acid 
■will extract all the lead and silver, leaving the 
pure gold. 

After filtering off the solution of the two metals, 
we may precipitate the silver, either with hydro- 
cyanic acid (pruasic acid), or after diluting the fil- 
trate, and boihng slightly, with hydrochloric acid. 
The cyanide of silver (AgCy) formed by the addi- 
tion of the first reagent, contains 80.58 per cent, 
of silver, 

XXIX. — SOLD AHD COPPEE (COIN, WROUGHT GOLD). 

We dissolve in a mixture of nitric and hydro- 
chloric acids ; this is aqua rcgia, and should con- 
sist of 1 part of Eitrie acid to 4 of hydrochloric, 
until the whole of the alloy is dissolved, when tlie 
solution should be warmed with an admixture of 
oxalic acid, by which all the gold is precipitated 
in its metallic state. 

After washing and drying this precipitate it la 
to be poured into a porcelain crucible, the filter 
burnt over it, and the gold together with tlie 
ashes heated to redness and weighed. 
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Fi-om the solution filtered off from the gold, the 
copper may be precipitated either with sulphu- 
retted hydrogen, or at a boiling temperature with 
caustic potash. For this latter, it should however 
be diluted. To remove an excess of potash, the 
precipitate should be repeatedly washed with boil- 
ing water, after which it may cither be heated to 
redness and weighed as the protoxide of copper, 
containing 79.84 per cent, of the metal, or heated 
with charcoal, and thus reduced to the pure metal. 

Another method is to precipitate the gold from 
the acid solution with a solution of pure sulpha.te 
of iron, and afterwards the copper, either with 
hydro- sulphuric acid gas, or by immersion into the 
not too acid Bolution of a piece of polished iron, 
and application of mild heat. The precipitated 
copper should be carefully washed and dried, and 
by heating to redness in an open crucible con- 
verted into the protoxide. 

SXX. — SILVETL AND COPPER, SOMETIMES WITH OOLD 
(silver com AND WROUGHT SILVER). 

This alloy should be dissolved in tolerably strong 
nitric acid, and the silver precipitated from the 
warm solution, by diluted hydrochloric acid, while 
stirring the mixture. 
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The filtered and washed chloride of silver should 
be perfectly dried, as far as possible remored from 
the filter, and melted in a porcelain erueible over 
the spirit-lamp. After this the filter ought to be 
carefully burnt, the ashes added to the chloride of 
silver, some drops of nitric acid admixed to osidiao 
the portion of the silver that may have been re- 
duced by the carbon of the filter, and the whole 
Tvarmed, ivhon a very few drops of hydrochloric 
acid are added, to convert the nitrate into chloride. 
The acid is then to bo driven off by evaporation, 
the chloride of silver melted, and weighed on cool- 
ing. The percentage of silver which it contains is. 
given in Art. XXIX. 

Prom the filtered solution, protoxide of copper 
is precipitated at a boiling temperature by caustic 
potash, then washed, dried, heated to redness, and 
weighed after burning the filter separately and 
with great care. (See also last article.) 

If this alloy also contains gold, as is, for in- 
stance, the case in the Mexican silver coins, it will 
remain in the first solution in the shape of a brown 
powder. 
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XXXr. — SILVER AND LEAD. 

Four different methods can be adopted in the 
quantitative analysis of this compoiind. 

The one perhaps moat commonly resorted to, is 
the separation by oupellation.* (Sec also Art, 
LXI.) 

Another plan is to dissolve the alloy in nitric 
acid, dilute with much ■water, heat nearly «p to the 
boiling point, and to precipitate the silver as a 
chloride. (See Art. XXX.) 

The lead ia then precipitated from the filtered 
solution, after cooling, hj first neutralizing most 
of the' acid with ammonia, and then introducing 
hydrosulphuric acid gaa. One part of this sul- 
phnret contains 86,61 parts of lead. 

A third method is to dissolve both metals in 
nitric acid, to dilute the solution, and add free 
hydrocyanic acid, thus precipitating the silver 
as a cyanide. After the precipitate has set- 
tled, and the solution become clear, the former 
should be separated from the latter by means of 

* In a little volume of mine, " The Asaajer's Guide," a. 
more detailed account of this process is given.— JVcJM- 
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filtration, the filter having been previously dried 
and weighed at 248° F. It should then ho 
carefully washed, dried at 248° F,, and its weight 
ascertained, from which that of the filter is de- 
ducted. Cyanide of silver contains 80.58 per 
cent, of silver. 

From the filtered solution, the lead can be pre- 
cipitated either after first neutralizing most of the 
free acid, by sulphuretted hydrogen, or after con- 
centration, by evaporation with sulphuric acid. 
Sulphate of lead contains 68.28 parts of lead whUe 
the sulphuret has 86.61 per cent. 

According to a fourth method, both metala are 
precipitated from their acid solution by carbonate 
of soda in a slight excess, after which tho precipi- 
tate is digested with cyanide of potash, which dis- 
solves the silver as argento -cyanide of potash 
(Ag-J-KjOyO,}, carbonate of lead remaining undis- 
eolved, and this, as it contains soda, should he dis- 
.Bolved in nitric acid, and precipitated with hydro- 
sulphuric acid gas or sulphuric acid, 

From the solution of the silver salt, nitric aeid 
will precipitate cyanide of silver. 

XXXII. — QUICKSILVER, OR MEKCUET. 
From the solution which ought to contain the 
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mercury as a IjicMoridc, it can bo scparatefl, and tho 
quantity ascertained by tho following processes: — 

The solution is mixed with concentrated chloride 
of tin, and heated for a few minutes very nearly up 
to the boiling point, and in this way the quick- 
silver reduced. After this has collected, the super- 
natant liquid is poured off, and the metal cleansed 
by digesting it with concentrated hydrochloric 
acid, washed, and then dried in a weighed vessel 
over sulphuric acid. 

Another plan is to introduce an excess of hydro- 
sulphuric acid gas, and then to filter oif the proto- 
sulphuret of mercury thus produced, on a filter, 
previously dried at 212° F., when the precipi- 
tate itself is dried at the same tomperBture and 
weighed. Care should be taken not to expose it 
to a greater heat, as it thoroughiy evaporates under 
those circumstances. It contains 86.21 per cent, 
of mercury. 

We can also procure the same combination of 
mercury by precipitating with caustic ammonia, 
and adding colorless sulphuretted hydrate of am- 
monia, digesting in a close vessel and filtering off 
very quick. 

If the mercury was suspended in the solution in 
the shape of a protoxide, hydrochloric acid will 
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eouvort it into the chloride, and as aueh precipi- 
tate it, after wliich it should be eeparatecl by filter- 
ing on a weighed filter, and dried at 150° F., for 
even a red heat will evaporate it completely. 
Thia chloride contains 84.95 per cent, of mercury. 

If the quicksilver, precipitated by sulphuretted 
hydrogen, is mixed with sulphurets of other metals 
whose chlorides are not capable of evaporation, it 
may be separated from these by heating it slightly 
in an atmosphere of anhydrous chlorine gas. 

From amalgama, the mercury may be separated 
by heating to redness in a retort and distilling it 
over, while the other metals remain in their metal- 
lic state ; or we may oxidiae them by heating to 
redness with exposure to atmospheric action. 

If lead is in solution together with the mercury, 
both metals are precipitated with carbonate of 
soda, after which they are digested with cyanide 
of potash, by which the mercury is redissolved. 
From this solution it should be precipitated with 
hydrosulphuric acid gas. The carbonate of lead 
still contains soda, and should therefore be convert- 
ed into the sulphuret. (See Art. XXXI.) 

XXXIII. — STLVEB, AND MERCUEY. 

The most simple, though not the most aeciirato 
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method is to beat the alloy to redness, and to cal- 
culate the amount of mercurj from the loss. Fre- 
quently, however, in this process, particles of 
silver are carried off by the mercurial vapors. 

A bettor plan is to dissolve in nitric acid, and 
then precipitate the silver with hydrochloric acid, 
or a, solution of table salt, as chloride of silver. If 
the latter is employed, it is necessary first to admix 
acetate of soda or ammonia, as, otherwise, some 
mercury would be precipitated together with the 
chloride of silver. 

The solution, after being filtered off from the 
precipitate of silver, should be concentrated, and 
while BO doing, strong hydrochloric acid should be 
added, to destroy the nitric. The mercury is then 
treated as in the last article. 

We may also proceed by precipitating the silver 
from the nitric solution with prussic acid, and after- 
wards the mercury with sulphuretted hydrogen, or 
also in the following manner, by neutralizing the 
solution with potash, adding an excess of cyanide 
of potassium, and precipitating cyanide of silver 
from the solution of the double cyanide by nitric 
acid, and the mercury afterwards as the protosul- 
phuret. 
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XXXIV. — IMPURE CINNABAR, O0K8ISTING 01 PER- 
OXIDE OF MERCURY, BISULPIIURET OE MEKCDRT 
OR CIHNABAR ADD RED LEAD. 

This is a compound of very frequent occurrence 
3,3 a paint, aa red lead is a commou adulteration of 
cinnabar, 

The peroxide of mercury ia extracted, together 
with a portion of the lead, by digesting the paint 
with diluted nitric acid. The remainder of the 
lead is left in the shape of the peroxide, a puce- 
colored insoluble powder, together ivith the bisul- 
phuret of mercury. 

From the solution, the lead is precipitated by 
sulphuric acid, and afterwards the mercury with 
sulphuretted hydrogen or an excess of chloride of 

From the residue, the lead can he extracted, 
cither by heating with diluted muriatic acid as 
chloride of lead, or hy nitric acid, a few drops of 
oxalic acid being added. 

The cinnabar which, as a matter of course, re- 
mains, can only be dissolved in aqua regia, and 
should then be treated as already d 
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zinc). 

Dissolve in nitric acid, evaporate most of the 
excess of acid, dilute with water, and precipitate 
the copper with hydro sulphuric acid gas. 

The filtrate procured from this, should be con- 
centrated by evaporation, and precipitated with a 
solution of caustic potash, and with it boiled, 
which causes the protoxide of nickel to settle, 
while protoxide of zinc is dissolved. From this 
solution, the latter is precipitated either by sul- 
phuret of potash, or, after saturating with hydro- 
chloric acid, by carbonate of soda. 

By adopting this method, the separation of the 
nickel and zinc is not very precise, as some prot- 
oxide of the latter metal is retained by the prot- 
oxide of the former, nor is the following mode 
more accurate. 

It is to melt the mixture of the two oxidos with 
common potash (hydrate of), or to precipitate both 
metals at a boiling temperature with carbonate of 
soda, and to digest the protoxide of nickel with 
hypochlorite of soda, thus converting it into the 
black sesquioxide, from which the protoxide of zinc 
is extracted by a^olution of caustic potash. 
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A mueli more accurate method is to heat the 
dried mixture of the two oxides to redness, and 
then to expose them to a, high temperature in an 
atmosphere of hydrogen, as long as water is atil! 
formed. The protoxide of zinc is then separated 
from the nickel, hy digesting with a concentrated 
solution of carbonate of ammonia, contact with tho 
atmospheric air being avoided during the process. 

Another plan is to precipitate both oxides at a 
Ecething temperature with carbonate of soda, then 
to wash the two on the filter, and, by adding oxalic 
acid, to convert them into oxalates, which mass, 
after this, should bo dried, and being placed in a 
glass tube, running out narrow at one end, heated 
to redness, by which the nickel alone is reduced. 
The protoxide of zinc is then extracted as directed 
in the last method for analysis. 

A third way, but which can only he employed 
when no acid is present after the precipitation, is 
to dissolve the two oxides, previously precipitated 
by carbonate of soda at a high temperature, in 
acetic acid, to add a large surplus of this acid, and 
introdnce sulphuretted hydrogen, by which the 
zinc alone is thrown down, or we may also add an 
excess of acetate of soda to the muriatic oi' nitric 
solution, and then precipitate as above with hydro- 



Hc^lcdbyGoOglc 



86 A MANUAL OF 

Eulplmric acid gas. The filtrate should be tested 
for zinc with hydrosulphate of ammonia. 

Zine should only be weighed as the protoxide, 
and, to convert it into this, the sulphuret should be 
heated to redness, first slightly, then more so, until 
the residue no longer diminishes in weight. Oxide 
of zinc contains 80.26 per cent, of the metal, 

XXXVr. — CAEEONATB OF BISMUTH. 

This mineral, almost a pure carbonate, has been 
analyzed by professor Rammelsberg, of Berlin ; it 
was from a gold mine in Chesterfield County, 
South Carolina, the only known locality of this 
occurrence of the metal.* According to hia ana- 
lysis it contained: — 



Peroxide of Bismuth 




82.63 


" Iron 




2.65 


Alumina 




1.69 


Lime 




0.28 


Magnesia 




0.52 


Silica . 




2.97 


Carljonie Acid 




6.02 


Water . 




3.16 


99.82 


* This 6[jecimen was presented 


lo pr 


fcsaor E. by my- 
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From this it is evident that the mineral is al- 
most a pure carbonate, consisting of peroxide of 
bismuth, 4 atoms = 11843.00 or 90.28 percent.; 
carbonic acid, 3 atoms = 825.00 or 6.29 per cent. ; 
and water, 4 atoms = 449.92 or 3.43 per cent. 

For a qualitative analysis, chromate of potash 
will precipitate the bismuth alone as a chromate 
from the muriatic solution. It is then soluble in 
nitric acid, and may be treated as in Art. XXXVII. 

All the other ingredients, except carbonic acid, 
are precipitated from the solution, as previously 
described in Art, XXIII. 

The whole of the carbonic acid, as a matter of 
coarse, was evolved when the mineral was first dis- 
solved, and should have been collected in a chloride 
of calcium tube. Its behavior with acids soon 
betrays its presence. 

XXXVII, — BISMUTH AND LEAD. 

The compound should be dissolved in nitric acid, 
an excess of sulphuric acid added, after which the 
solution should be evaporated until the vapors of 
the latter acid are perceptible, when some water is 

Bolf. See alBO the Analysis in his Encijc. of Chem.-Min. 
S'lippl. IV., where he terms it Bismuth Spar. 
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added to prevent the concentrated acids from de- 
stroying the filtering paper, and the sulphate of 
lead filtered ofi" immediately, which haa then to be 
treated as already described. 

Pronj the filtrate peroxide of bismuth is precipi- 
tated by carbonate of ammonia, while the liquid is 
being gradually heated up to a seething tempera- 
ture. The filtered, washed, and dried precipitate 
should, together with the carefully burnt filter, be 
placed in a porcelain crucible, heated to redness 
and weighed as pure oxide, which contains 89.87 
per cent, of the metal. 

sxxviii. — bhass, a mixture oir copper and zinc, 

SOMETIMES CONTAINING TIN AND LEAD. 

This alloy should be dissolved in nitric acid, then 
most of the surplus acid driven off by evaporation, 
water added to dilute the solution, and sulphuretted 
hydrogen introduced to precipitate the copper. 
After filtering, and then removing the excess of the 
gas, carbonate of soda is added to the solution, to 
precipitate the protoxide of ziue. 

If the brass also contained tin, it will remain as 
peroxide, if lead, sulphuric acid should be added, 
while the evaporation is going on. On diluting 
the solution the lead is precipitated as a sulphate. 
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The beet brass contains four parts of copper to 
one of zinc. Tombac and pinchbeck contain more 
zinc. 

XXXIS.— BRONZE (COPPER AND TTn), SOMETIMES 
WITH ZINC, LEAD, AND IRON, 

One method is to oxidize with nitric acid, eva- 
porate moat of the surplus acid, and dilute with 
water, after which the undissolved oxide of tin is 
filtered off. From the solution the copper is pre- 
cipitated by caustic potash at a boiling tempera- 
ture. 

If the bronze contains zinc, lead, and iron, the 
lead is precipitated, as in the next article, by sul- 
phuric acid, and the copper with sulphuretted hy- 
drogen. The solution filtered from this sulphuret 
of copper is mixed with chlorate of potash, and 
heated, to place the iron in a higher state of oxida- 
tion, after which it is precipitated with an excess 
of caustic ammcinia. The oxide of ainc remains in 
solution, and should be precipitated with hydro- 
sulphate of ammonia. 

A more accurate plan is to heat the alloy in an 
atmosphere of anhydrous chlorine gas, by which 
process the tin, zinc, and iron are converted into 
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volatile chlorides, and chloride of copper und clilor- 
ide of lead remain, and are separated as above. 

XL. — SOLDER (tin AND LBAD). 

In analyzing tliis compound we should oxidize 
ivith nitric acid of medium strength, by which the 
tin remains as an insoluble peroxide, which, after 
diluting the solution should be filtered off, washed, 
dried, heated to redness, and weighed. It contains 
78,62 per cent, of the metal. 

From the filtered solution, the lead is then pre- 
cipitated with diluted sulphuric acid, and, together 
with the supernatant liquid, exposed to the action 
of heat, until the nitric acid has evaporated, and 
the vapors of the sulphuric acid have become per- 
ceptible. The remainder is then diluted with a 
little water, and the sulphate of lead filtered off on 
a filter, previously dried at 250° F. and weighed, 
after which it is washed with alcohol. We may 
dispense with a weighed filter, if careful to remove 
the dried precipitate as much as possible from the 
filter. We must then burn this separately, so that 
no reduction of lead can take place by means of 
the carbon of the filter. 
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XLI. — EISMUTH, LEAD, AND TIN.* 

Tlic alloy should be oxidized with nitric acid, 
Tflien tirst an excess of ammonia and then a suffi- 
cient quantity of yellow hydrosulphate of am- 
monia ought to bo addedj and the whole permitted 
to digest for some time, without the admittaace of 
atmospheric air, until ail the tin has been convert- 
ed into the protosulphuret of that metal, and, a-s 
such, dissolved, while the aulphuret of lead and 
protosulphuret of bismuth remain undissolved. 

From the solution, diluted sulphuric acid will pre- 

* Newton's fusible metal is a compound of this kind. It 
cunsists, in a lmn<ji'ed parts, of 

Bismuth - 50.00 

LeaJ - - 31.25 

"Tin - - 18.75 

100.00 

A Tery low temperature onlj is required to fuse it, for it 

melts below 212° F. 

A similar alloj hae been employed in some countries, in 
the place of a safety valve on boilers, in which case tlie ex- 
cess of heat, when the steam is condenaod to a dangerous 
estent, causes tiie alioy to melt, though of coui'se it should 
not fuse aa readily aa Newton's alloy, aince 
temperature of steam is 212° F. 
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cipitate the tin as protosulplmret. After the eva- 
poration of the hydrosulphuric acid gas, it is to be 
filtered, washed, dried, and h'y a carefully and grad- 
ually increased heat, first roasted, and then heated 
to redness, in a porcelain crucible — atmospheric air 
having access to it^ — and thus converted into per- 
oxide of tin. During this process, a pioce of car- 
bonate of ammonia should be held in the crucible 
to remove the sulphuric acid. Peroxide of tin 
contains 80.26 per cent, of tin. 

The mixture of the two other sulphurets should 
be oxidized by nitric acid, and treated as in Art. 
XXXVII., only that in this case it is not necessary 
to add sulphuric acid. 

XLII.-— ANTIMONY AND ARSENIC. 



Different processes are employed in the separa- 
tion of these two substances. They are generally 
united in the shape of suJphurets, and, if so, the 
best plan is intimately to mix one part of the com- 
pound with four parts of nitrate of soda and two 
of anhydrous (decrepitated) carbonate of soda, and 
thus expose it to heat in a porcelain crucible, until 
the mass has become oxidized, and has assumed a 
white color. 

After cooling, it should be digested in water, in 
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wMch case, this will dissolve the arsenic as arse- 
niate of soda, together with the sulphate of soda, 
while the antimoniate of soda remains undissolved. 

The solution of the former, after being filtered 
off, is to he acidulated with hydrochloric acid, 
heated to about 160° P., and, hy the introduction 
of hydro sulphuric acid, the arsenic precipitated as 
sesquisulphuret of arsenic, which contains 60.95 
per cent, of arsenic. 

Another plan is to mix the acidulated solution 
with an excess of ammonia, and to precipitate the 
arsenic as ammoniaco-arseniate of magnesia, by 
adding sulphate of magnesia. The precipitate 
should he leached with ammonia. This double salt 
possesses, on the whole, the same characteristics as 
the atnmoniaco-phosphate of magnesia, the crystal- 
line deposit is, however, yet more distinct in its 
individual crystals, when examined under the 
microscope with transmitted light. (See Art. LV.) 

The residue of antimoniate of soda has the form- 
ula NaO,SbOi, and from this the antimony should 
he calculated, antimonioua acid containing 80.13 
per cent, of the metal. To control this better, the 
salt should he mixed with more than its weight of 
sal-ammoniac, and thus exposed to a rod heat in a 
covered platinum crucible, and this process repeated 
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until we find that no cliange takes place in tho 
■weight. In this manner, all the antimony is dis- 
charged, and the soda remains as a chloride- 
According to a different process, the compound 
of the two substances, or the mixture of their sul- 
phureta, ■ should be dissolved in aqua regia, when 
tartaric acid is added— aa water might pi- cci pit ate— 
and then first an excess of ammonia, and after- 
wards sulphate of magnesia, thus precipitating am- 
moniaco-arseniate of magnesia. After carefully 
heating, this doable salt is changed into Mg50 + 
As,0,. 

From the filtered solution, after again acidu- 
lating, the' antimony is precipitated with hydro- 
sulphuric acid. 

The sesquisulphurefc of antimony contains 'i'2.89 
per cent, of antimony, 

XLIII. — ANTIMONY AND LEAD (tYPB-METAl). 

"The alloy should be reduced to the smallest possi- 
ble particles, and then oxidized with nitric acid, 
after which some hydrochloric acid is added, so 
that the greater part of the antimony is dissolved, 
and also a part of the lead ia precipitated as a 
chloride.. An excess of ammonia is then added, 
and afterwards a aufScIent quantity of hydrosul- 
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phate of ammonia, wlien the ■whole mass should he 
digested, with the exclusion of atmospheric air, 
first slightly warming, but gradually increasing 
the temperature, until the precipitate of sulphuret 
of lead has attained a perfectly hlact color, while 
the liquid portion still retains a. yellow tint. 

After cooling entirely the sulphuret of lead is 
removed by means of a filter previously dried at 
250° F., and weighed, and while yet on the filter, 
washed. 

From the filtrate, the sulphuret of antimony is 
precipitated with diluted sulphuric acid. This 
product is, however, not pure sesquisulphuret of 
antimony, but is mixed with the persulphuret and 
sulphur, and henoe this cannot bo weighed directly 
as a means of calculating the amount of antimony 
in it. It is therefore necessary to filter it off on a 
filter, dried at 212° to weigh it, and then to take 
a small weighed portion of it, and mix this very 
perfectly with two parts by weight of dry carbon- 
ate of soda and four parts of nitrate of soda, and 
placing the mixture in a porcelain crucible over a 
spirit-lamp, to apply heat until it has assumed a 
perfectly white color. After cooling, it should 
he macerated in water, and the insoluble antimo- 
niate of soda removed by filtration and washed. 
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This residue is NaO,SbO„ and from it the amount 
of antimony is calculated, first, for the part we 
examined separately, and then for the whole, 

To control the analysis, it is well to examine the 
solution last obtained, first, by adding hydiochloiic 
acid, and then by chloride of barium, thus extract- 
ing the sulphuric acid, and nest calculatmg the 
amount of sulphur from the sulphate of biiyta, 
This precipitate should be previously wished with 
great care, by pouring boiling water over it, and 
allowing it to percolate. 

SLIV. — PEWTER {tin, AKTIMOST, COPPER, BIS- 
MUTH, AHD SOMETIMES LEAD). 

The pulverization, so to speak, of substances of 
the nature of the one .now nnder investigation, I 
may here remark, should be performed with the 
aid of a good, file, or if, as in this peculiar case, 
the metal or alloy is very soft, it can be effected 
by cutting or scraping with a penknife. (See also 
Introduction.) 

After thus reducing the pewter to the shape of 
filings, nitric acid is poured over it to oxidize the 
metals, and the copper is thus dissolved. (See Art. 
XXXIX.) The solution is then to be diluted, and 
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filtered, and from it the copper precipitated at a 
seething temperature by caustic potash. 

Tlie residue, after the whole of the adhering 
portion of the copper solution has been removed 
by washing, still contains antimony, tin, bismuth, 
and also lead, if the latter was contained in the 
pewter, as is the case with the inferior qualities. 
Some hydrochloric acid is now to be poured over 
this mixture of the oxides of the different metals, 
by which the greater portion of the antimony is 
dissolved, and the lead converted into chloride of 
lead, as in the last article. The whole should 
then be digested, with the addition first of an ex- 
cess of caustic ammonia, and then of hydrosul- 
phate of ammonia, by which means the tin is dis- 
solved as a protosulphuret, and is suspended in the 
solution together with the antimony, 

The sulphuret of lead, and protosulphuret of 
bismuth are insoluble in the liquid, and are there- 
fore separated from it hj filtration. After care- 
fully washing this precipitate, the separation of 
the two aulphurets l3 conducted precisely as directed 
in Article XLI. 

The filtrate, containing tin and antimony in so- 
lution, is to be evaporated to dryness, and the resi- 
due melted together, with hydrate of soda and 
9 
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60inc nitrate of soda, as shall be more particularly 
detailed in Art. XLVL The separation takes place 
as given there, and the calculation of the anti- 
mony afterwards, as in Art. XLII. 

From the stannate of soda the tin is extracted 
hy precipitation from its aqueous solution by hydro- 
Bulphate of ammonia and sulphuric acid, and after- 
Tvards treated as in Art. XLI. 

XLV. — ARSENIC AHD LEAD. 

There are different methods by which to proceed 
in the separation of the two ingredients of this 
compound, but it is always first necessary to oxi- 
dize with nitric acid. 

One plan is, then, to evaporate most of the acid; 
to add an excess of ammonia, and then of hydro- 
sulphate of ammonia, and to lot the whole digest 
a little. Sulphuret of lead is thus precipitated, 
while the solution contains all the arsenic, which, 
after filtration, can he thrown down as sesquisul- 
phuret of arsenic hy adding hydrochloric acid. 

Another method is to add sulphuric acid to the 
oxidized mixture, to digest for some time, thus to 
convert all the arsenious acid into arsenic acid, and 
then, by evaporating the chief part of the surplus 
Bulpburic acid, and adding alcohol, to separate the 
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arsenic acid from the sulphate of lead. By de- 
ducting the weight of the pure metal in the latter 
from the weight of the whole, we have as product 
the weight of t! 



SLVL — ARSENIC, TIN, AND ANTIMONY. 

In thia analysis, we commence again by oxidizing 
with nitric acid, and then evaporate to dryness, 
and melt the residue in a silver or platinum cru- 
cible, with an excess of hydrate of soda, and a 
little nitrate of the same. After cooling, the whole 
is to te macerated in water, with the aid of heat, 
and when this again has cooled, the liquid portion 
containing arseniate and stannate of soda should 
be separated frorti the antimoniate of soda by filtra- 
tion. If this latter should pass through the filter, 
as is sometimes the case in the course of this pro- 
cess, it should he washed with diluted carbonate 
of soda, and the amount of antimony ascertained 
as in Art. XLII. 

The solution of stannate and araeniate of soda 
should be mixed with an excess of nitric acid, eva- 
porated to dryness, and the residue submitted to 
the action of water. The stannic acid remains in- 
soluble and united, according to the relative quan- 
tity of the arsenic, either with the whole, or only 
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a portion of the arsenic acid, while, in the latter 
case, the remainder of this acid passes over into 
the solution, and can be precipitated from this by 
snlphoretted hydrogen, or sulphate of magnesia 
and ammonia, 

The residue containing the stannic acid, and at 
least a portion of the arsenic is then to be heated 
in an atmosphere of hydrogen, by which a subli- 
mate of metallic arsenic and reduced arsenic-tin 
is produced. The latter should he dissolved in 
aqua regia, the solution placed in Marsh's appara- 
tus (see the Medico-Judicial Process for arsenic at 
end of vol.), and the hydrogen thus produced per- 
mitted to pass through a red-hot glass tube filled 
■with small pieces of copper wire. 

XL VII. — TAHTAR EMETIC. 

By heating up to 212" F., and then weighing 
again, the amount of the water of crystallization is 
ascertained. 

The salt is now to be dissolved in a compara- 
tively large quantity of boiling water, and while 
the solution is hot, a current of hydro sulphuric 
acid gas introduced into it until all the antimony 
is precipitated. Before allowing the solution to 
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cool, the aesqui-sulphEret of antimony is to be re- 
moved by filtration, on a dried (at 250°) and 
■weighed filter, the residue washed with hot water, 
and dried at 250°. 

The filtered solution is then to bo evaporated to 
dryness, and the residue of bitartrate of potash 
heated to redness, the carbon thus produced, ex- 
tracted with dilute hydrochloric acid, and washed. 
The filtrate should be evaporated to dryness in a 
weighed vessel, and the chloride of potash heated 
to redness, and weighed. 

XLVIII.— NATURAL SULPHURET OP LEAD (GALENA), 
PbS. 

After reducing the mineral to a very fine pow- 
der, fuming nitric acid siiould be poured over it, 
by warming and digesting with which the sul- 
phuret of lead is entirely converted into the white 
sulphate. 

If the mixture is then diluted with water and 
filtered, mere traces only of load will be found in 
the filtrate. If the ore contained copper, iron, 
and silver, they will all remain in solution. The 
two former are detected by ammonia, the latter by 
hydrochloric acid. 

Had we treated the mineral with a weaker nitric 
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acid, a compound precipitate of sulphate of lead 
and sulphur would have been produced, while at 
the same time some nitrate of lead would have 
been formed, and as such been suspended in the 
solution. From this, sulphuric acid will precipi- 
tate it. Heat, applied to tlio dried residue, will 
drive off the sulphur and leave sulphate of lead, 
which must bo added to that produced from the 
filtrate. 

By boilicg the sulphate of lead with a solution 
of carbonate of soda, we convert it into the car- 
bonate, -which after washing is entirely soluble in 
nitric acid. 

Sulphate of lead is readily dissolved in tartrate 
of ammonia, caustic ammonia also being added in 
excess. From this solution it can he precipitated 
by hydroBulphate of ammonia as black sulphuret, 
or by chromate of potash as yellow chromate of 
lead. Both these reagents will precipitate all the 
lead. 

Galena generally contains from 83 to 85 per 
cent, of lead, and sulphur from 13 to 16.45 (see 
next article on calculation of sulphur) bih ei is 
almost always an ingredient of this ore of kad, 
though never in a regular oi constant amount, ind 
therefore cannot be consideied as anything moie 
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than an admixture,* Iron occurs as a more com- 
mon im purification than copper, but is by no 
means as frequent of occurrence as silver. 

XLIX. — SUI.PHURET OF LEAD AND SESQUISXILPHUaET 
OF AHTIJIONT.t 

Different methods may be resorted to in this 
analysis, 

* Almost all lend of oomraerce cuatnina a Bmaller or 
greater percentage of silver ; as in most coaatries, and in 
our own among the rest, the estraetion of the silver would 
1)0 productive of a greater ex:pense than the amount of this 
metal would warrant. 

"t The purest variety of this mineral is the Plagiotiite 
(from the Greek, toayioi, oblique, on account of the form 
of its crystallization), which, oooording to Htiinrioh Ruse, 
consists of 

Lead 40.52 

Antimony 37.94 

Sulphur 21.53 

99.99 
Another variety ia the ZinJcenUe, or Bisid'pho-waivm.ordte 
of Lead (of Thompson), which, according to the same au- 
thority, contains; — 

Antimony 44.39 

Lnad 41.84 

Sulphur 22.58 

Copper 0.42 

99.23' 

' See Algei-'s riiillips's Mm. pp. Oa-VO. 
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In the first, the carefully pnlvoriacd mineral 
should be completely oxidized with nitric acid, 
after which it assumes a white color. The whole 
ought then to be saturated- with caustic potash, 
and an excess of a solution of pentasulphuret of 
potassium poured over it, and then submitted to 
a high temperature- The solution of the sulphur- 
antimonial salt thus produced should be filtered off 
immediately, and the residue of sulphurot of lead 
washed, first with a weak solution of aulphuret of 
potash and then with pure water. 

From the filtrate sulphuret of antimony is pre- 
cipitated with dilute sulphuric acid, and after 
allowing it to collect by heating, separated by fil- 
tration. (Compare Art. XLIII.) 

Another plan is to mix three parts of the mine- 

A third mineral, which must be mentioned under this 
tead, IB the Boumonite, which, aooording to prof. Ram- 
melsbevg, has the following oomposition; — ■ 



Lead 
Copper 

Sulphur 


6 Atoms 
6 " 
6 " 
18 " 


= 7767.00 = 41.77 
= 2374.20 = 12.76 
= 4838.70 = 26.01 
= 3621.00 = 19.46 
18600.90 100.00' 



e KEmmelsl)eiK'3 Encyc. of dtsm. Min. Gen 
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ral with three of dry carbonate of soda, and tiv.o 
of sulphur, and' then to melt the mixture in a 
covered porcelain crucible over a spirit-lamp, very 
gradually increasing the temperature. After cool- 
ing, boiling water ia poured over the mass, and 
heated with it until the antimonial salt is dissolved, 
when we proceed as above. 

If there was any sulphurct of copper in the 
mineral (see Zinltenite and Bournonite) a mixture 
of the sulphurcts of copper and lead will be pro- 
duced, mnd should be oxidized with nitric acid, 
when we should evaporate nearly to dryness, and 
extract the soluble copper salt by macerating in 
■water, and afterwards washing with the same. 
Sulphate of lead remains. 

To settle quantitatively tho amount of the sul- 
phur, a different portion of the compound is used, 
and one part carefully mixed with two and a half 
of saltpetre and three of carbonate of potash, and 
then heated in a porcelain crucible until perfect 
oxidation has taken place. We ought then to 
digest with water, filter off the solution of the 
oxides, wash, add an excess of nitric acid to the 
alkaline solution, and to precipitate the sulphuric 
acid with chloride of barium, as sulphate of baryta, 
one part of which contains 0.13747 of sulphur. 
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L. — SESQUISULPHURBT OP ANTIMONY AND PKOTO- 
SULPHURBT ,01 IRON. 

These two sulphurets are the chief component 
parts of the mineral called Berthierite, though oc- 
casionally there are adulterations in the way of 
zinc and manganese, as is tho ease with the variety 
from Bra euns dor f near Freiherg in Saxony, analyzed 
by professor Bammelaberg. Berthier's analysis 
of that from Martouret, in Auvergne, is, 

Antimony . . . 61.31 

Iron .... 9.85 

Sulphur .... 28.81 

100.00 
The mineral should he carefully pulverized, and 
then oxidized with aqua regia, until tho residue of 
sulphur has attained a pure yellow color. Some 
tartaric acid is then added, and the solution di- 
luted with water, the antimony not being precipi- 
tated. After removing tho sulphur by means of a 
weighed filter, washing it, and drying at 212°, the 
eulphuric acid formed should bo precipitated from 
the filtrate with chloride of barium, and washed on 
the filter with hot water. After calculating the 
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amount of sulphur in the sulphate of baryta, it 
must te added to the principal in giving the total. 

After removing the surplus of the salt of barium 
by sulphuric acid and filtering, sulphuretted hy- 
drogen should be conducted into the solution, and 
thus the antimony precipitated. (For the further 
treatment, compare Art. XLIII.) 

From the filtrate last produced, the iron ia pre- 
cipitated with hydrosulphate of ammonia. After 
the sesquisulphnret of iron has settled, aided by 
heat, and the liquid portion lost the greenish tinge, 
produced by mechanically suspended particles of 
the precipitate, this should be separated by filtra- 
tion, washed with hydrosulphuric acid, by means 
of a washing bottle (see Introduction), and dried 
in the funnel. Then it is placed in a porcelain 
crucible, vrhilo yet in the filter, and heated until 
the paper has been carbonized, when aqua regia 
is added to extract the iron, which may then be 
reprecipitated with ammonia, washed, dried, heat- 
ed to redness, and weighed as peroxide, one part 
of which contains 0.9 of iron. 

LI. — BED OE EUBY SILVER. 

According to professor Wohler, a dark variety 
of this mineral, from Mexico, contained : — 
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Silver . . . 60.2 
Antimony . . 21,8 

Sulphur . . . 18.0 

100.0* 
Tlie thoroughly pulverized mineral should be ex- 
posed to the influence of a slow current of anhydrous 
chlorine gas in a tube blown ioto a bulb in the 



centre, as shown in Pig. 8, the mineral being 
placed in tho latter. By this process, the silver 
is converted into the not volatile chloride of silver, 
whilo tho perchlorides of antimony and the di- 
chloride of sulphur, being volatile, are dischai 
They may be collected in a suitable apparatus. 
e. g. a receiver, in water acidulated with hydro- 
chloric and some tartaric acid. The action of the 
chlorine ga^ takes place even without heat, though 
it is advisable towards the close of tho process, and 
when the tube is completely filled with tho gas, to 

* See Annahn ckr Pharmacop. vol, sxvii. p. 157. 
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apply a spirit-lamp to tlio bulb, and thus to end 
the procedure. The bulb will then be found to 
contain molten chloride of silver, which should be 
weighed, and, to facilitate this, it would have been 
well to employ a weighed tube, and then after- 
wards to deduct its weight, as it will be found very 
difficult to extract all the chloride of silver from 
the tube. 

The sulphuric acid formed in the liquid con- 
tained in the receiver, we precipitate with chloride 
of barium, and wash the sulphate of baryta with 
hot water. 

The excess of the salt of barium we next throw 
down with sulphuric acid, filter, and precipitate 
the antimony with sulphuretted hydrogen from the 
filtrate. (See Article XLIII.) 

LII. — COPPER PYRITES. 
According to Phillips, the calculated composi- 
tion of this mineral is : — 

Copper . . . 34.78 
Iron . . . 30.44 
Sulphur . . . 34.78 

100.00* 

« See Earn. G/iem. jifw. (German edit,) vol. i. p. 364. 
10 
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The carefully pulverized mineral should be di- 
gested ivitli coneentra.ted nitric acid — concentrated 
hjdrochlonc acid being added by degrees — until 
both copper and iron are dissolved, and a part of 
the sulphur has been converted into sulphuric acid, 
and the remainder has collected at the bottom of 
the vessel, having been melted into a yellow botry- 
oidal mass. This we remove by filtration. 

I'rom the diluted solution, the copper is to be 
precipitated with sulphuretted hydrogen, and the 
sulphuret of copper washed out with hydroeulphu- 
rie acid. 

After filtering this ofl", the solution is heated 
almost up to a boiling temperature, and, to oxidize 
the iron still more, some chlorate of potash and 
hypochlorite of soda added, after which ammonia 
will throw down all the iron, 

A less accurate separation of the ingredients is 
produced by precipitating the original solution with 
an excess of caustic ammonia, thus extracting the 
peroxide of iron, together with a small amount of 
copper, while the chief part of the latter remains 
in sohition. 

Lin. — SULPHURET OF ZINC, OR ZINC BLEKDB. 

This mineral almost always possesses adultera- 
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tions in the shitpe of iron, and sometimes cadmium 

and copper. 

The analysis of a, variety from Ancram, N. Y., by 

Beck, gave : — 

Zinc 61.64 

Sulphur .... 33.56 

Iron 4.30 

Gangue .... 0.50 

100.00 
while another, by Damour from Nuisal^re near 
Beaujen in the Department du RhSne (France), as 
given in the Annales dea Mines, troisiSme s^r. vol. 
xii. page 245, contained 

Zinc 62.62 

Iron 2.20 

Cadmium .... l.TS 
Sulphur .... 32.75 

99.35 
The woll-pulverized minerd should bo digested 
with a mixture of three parts of concentrated muri- 
atic acic!, and one of concentrated nitric acid, until 
all the metals, and the greater part of the sulphur 
have been oxidized and dissolved, while the rest of 
the sulphur has collected in pure yellow drops, and 



Healed byGoogIc 



112 A MAKUAL Of 

all tlio nitric acid has either been decomposed or 
discliarged. 

The solution should then bo diluted with water, 
and an excess of hydrosulphuric acid gas introduced, 
and thus all the copper and cadmium precipitated. 
The precipitate, after being washed with an 
aqueous solution of the same gas, should be dis^ 
solved in concentrated nitric acid, and an excess 
of carbonate of ammonia added to the solution by 
which carbonate of cadmium is precipitated, and 
fhe oxide of copper dissolved. From this solution 
it little carbonate of cadmium will yet bo thrown 
down on warming slightly. After filtering, wash- 
ing, and drying the carbonate of cadmium is con- 
verted into the oxide by heating to redness. The 
latter consists of 

Cadmium .... 87.45 
Oxygen .... 12.55 

100.00 
TIic copper may be treated as directed in the 
previous analyses. 

The filtrate produced after the precipitation with 
sulphuretted hydrogen, should be heated, and some 
chlorate of potash and hypochlorite of soda added 
to convert the prot-oxide into the peroxide of iron. 



Healed byGoogIc 



CHEMICAL ANALYSIS. 113 

Caustic ammonia in excess is then employed to 
pi-ecipitate the peroxide of iron, while the ainc re- 
mains in solution, and may either be thrown down 
by hydrosulphate of ammonia, or collected as a re- 
sidue by adding carbonate of soda, and evaporating 
to dryness. 

The sulphuret of zinc should be washed with 
hydrosulphuric acid, and, if the analysis is a quan- 
titative one, redissolved in warm concentrated 
hydrochloric acid, and again precipitated at a 
seething temperature with carbonate of soda. The 
precipitate, after washing, drying, and heating to 
redness, is the pure oxide, and possesses 80.26 
per cent, of ainc. 

A more precise method for separating the iron 
and zinc, is to neutralize the solution entirely with 
ammonia, and to precipitate the peroxide of iron 
with succinate of ammonia. The precipitate, after 
heating to redness with access of atmospheric air, 
leaves peroxide of iron. 

YfiT the quantitative calculation of the sulphur, 
a distinct portion of the mineral should bo oxidiaed 
as above, the sulphur collected at the bottom, dried 
at a temperature not exceeding 212°, and weighed. 
From the. solution, the sulphuric acid formed is 
precipitated with chloride of barium as sulphate of 
10* 
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baryta, containing 13.75 per cent, of sulphur, the 
amount of sulphur contained in it calculated, and 
added to the rest. 

LIV. — PLATINUM, SILVER, COPPER, LEAD, IRON, AND 
NICKEL MELTED UP TOQETHER AS SULPIIURETS. 

The mixture, after having been thoroughly pul- 
verized, should bo digested with nitric acid, until 
the process of dissolving haa ceased entirely, and 
all the sulphur has been oxidized and converted 
into sulphuric acid. The solution is then diluted 
■with water, and carefully poured off from the residue 
(see Desc. of Manipulations in the Introduction), 
which latter should he repeatedly washed. 

The residue, consisting of impure sulphate of lead 
and platinum, is to be digested with basic tartrate 
of ammonia, and in this manner the sulphate of lead 
extracted. 

The washed residue of platinum is then dissolved 
in aqua regia, the solution concentrated and mixed 
with sal-ammoniac, and in this manner ammoniaco- 
chloride of platinum precipitated. The whole is 
now evaporated to dryness, and the residue mace- 
rated in alcohol, which yet extracts chlorides of 
copper and of iron. 
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The ammoniaco-cMoMde of platinum, on heating 
to redness, leaves spongy metallic platinum. 

Hydrochloric acid is added to the nitric solution, 
and thus the silver precipitated. 

The filtrate procured from this ia mixed with the 
alcoholic solution, and the copper, together with st 
slight admixture of the lead, extracted with hydro- 
sulphuric acid gas. 

The solution filtered off from this ia mixed with 
chlorate of potash, at a hoiling temperature, to 
oxidize the iron yet more, when ammonia in excess 
will precipitate it, the greater part' of the nickel 
remaining in solution, and capable of being thrown 
down bj hydro sulphate of a 



LV. — ALLOYS OP COPPER AND NICKEL, ARSENIC AND 
NICKEL (Ni, As), AND OEES OU COBALT OR NICKEL, 
BBIHG ARSENICAL NICKEL, WITH IMPURITIES Off 
COBALT, IRON, COPPER, AND BISMUTH. 

1. Qualitative Analysis. Preparation of pure 
Niclcel. 
A mixture of one part of arsenical nickel, two 
parts of nitre, and two of potash, should be heated 
to redness for some time, and afterwards the arse- 
niate of potash extracted from the mass by meana 
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of water, or tlie arsenical nickel is melted with 
three times ita weight of sulphur and potash, and 
the potassio-sulphuret of arsenic thus formed ex- 
tracted by water. 

The oxides remaining after the first of these 
treatments should he dissolved in hydrochloric acid, 
as well as the sulphurets left after the second pro- 
cess, but with a gradual addition of nitric acid, and 
■with the aid of heat. 

The solution of either is to be thoroughly satu- 
rated with hydro sulphuric acid gaa, and left stand- 
ing in a closed vessel for twenty-four hours, by 
which the copper, bismuth, and a small remaining 
quantity of arsenic are precipitated. 

After warming and thus driving off the sulphur- 
etted hydrogen wo filter off the liquid portion, heat 
to a seething temperature, precipitate with carbon- 
ate of soda, and carefully wash the precipitate, 
which contains all the nickel, cobalt, and iron. 

While yet in a moist state, a hot, thoroughly 
saturated solution of oxalic acid is poured over this 
mixture, which is to be digested with an excess of 
that reagent, by which all the iron is dissolved, 
while the cobalt and nickel remain as insoluble 
oxalates. After filtering and washing, the latter 
are dissolved by pouring caustic ammonia over 
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tlicm and digesting until nothing of tlie residue is 
left. 

The blue solution is then set aside in an open 
vessel until all the free ammonia has evaporated, 
while at the same time the nickel is thrown down as 
green am moniaco- oxalate of niclcel (protoxide), the 
cobalt being retained in solution with a red color. 

The filtered and washed nickel salt after heating 
to redness in a tightly closed (puttied) crucible or 
glass tube leaves pure metallic nickel. 

From the solution of cobalt that metal may be ob- 
tained either by evaporating to dryness, and heating 
the residue to redness, or by boiling with caustic 
potash until no more ammonia is evolved, or, if the 
quantity of cobalt is very small, by sulphuret of 
potash, diluted sulphuric acid being afterwards ad- 
ded so that the sulphuret of cobalt may settle. 

From the nickel of commerce the pure metal can 
be conveniently prepared by the following pro- 
cess, viz. ;— 

Dissolving in hydrochloric acid with addition of 
nitric acid, purifying the solution by hydrosulphu- 
ric acid gaa, and then precipitating cobalt and nickel 
by adding a boiling, saturated solution of bi-oxalate 
of potash. The washed precipitate is tlien dissolved 
in ammonia, and treated as above. 
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To extract the iron another plan is to add sal- 
ammoniac and an excess of ammonia, bj whicli the 
iron with a small proportion of cobalt and nickel 
is precipitated, while the greater part of the latter 
two remains in solution. 



2. Quantitative Analysis. 

"VYc commence by carefully pulverizing the ar- 
senical nickel, after which one part is mixed with 
two and a half parts of saltpetre, and three of car- 
bonate of soda, and thus exposed to a melting heat, 
the mass being maintained at a moderate red heat 
for some time, and after cooling digested with water, 
and the oxides formed filtered off and washed 
thoroughly. 

The solution ■which contains all the arsenic as 
arseniate of alkali, should be saturated with hydro- 
chloric acid; added in excess ; evaporated nearly to 
dryness to drive off the nitric acid, then dissolved 
in water, heated to about 160° F., and while 
at that temperature hydrosulphuric acid gas intro- 
duced. When, apparently, all the sulphuret of 
arsenic has been precipitated, we should allow the 
solution to cool, though the current of sulphuretted 
hydrogen should not be stopped. 

Thus saturated with the gas, the solution is 
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covered and left for twenty-four hours to settle, 
after whicli the precipitate is filtered off on a filter, 
weighed after drying at 212° ; washed, dried at 
212° I", and weighed. 

This precipitate h generally a mixture of sesqiii- 
sulphuret of arsenic and uncombined sulphur. A 
small portion of it is therefore taken, weighed, and, 
by warming in aqua regia, completely oxidized. 
Prom this solution, diluted with water, the sulphuric 
acid formed is precipitated with chloride of barium, 
and from the sulphate of baryta, the sulphur calcu- 
lated from which the quantity of arsenic contained 
in the portion used is known, and then, by calcula- 
tion, its amount in the whole mass ascertained. 

Another plan is to precipitate the arsenic acid 
from the alkaline solution as ammoniaco-araeniate 
of magnesia. To do this, the solution should be 
neutralized with hydrochloric acid, mixed first with 
a solution of sal-ammoniac, then with concentrated 
caustic ammonia, and afterwards with sulphate of 
magnesia. After giving the precipitate ample time 
to settle during the space of twenty-four hours, we 
should filter, wash with diluted caustio ammonia, 
and heat the residue, first ''lightly, but increasing 
to redness. The product wdl then possess the 
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formula Mg,0 + ASjO, (see Art. XLII.), which 
contains 57-45 per cent, of metallic arsenic. 

The amount of arsenic may also be ascertained 
by the loss. 



;n wai'm concen- 
on, after evapo- 
•eated with an 



The oxides should be dissolved i 
trated hydrochloric acid; the solutio 
porating most of the free acid, dig 
excess of carbonate of baryta, by which peroxide 
of iron alone is thrown down. This precipitate 
should be removed from the solution by filtration, 
■washed, redissolved in hydrochloric acid, the ba- 
ryta precipitated with sulphuric acid, and then, 
after filtering again, the peroxide of iron should be 
precipitated a second time by ammonia, as an 
hydrate. 

The filtrate from the baryta precipitate is to be 
saturated with sulphuretted hydrogen, which throws 
down the copper and bismuth, and these again are 
separated by dissolving them in nitric acid and 
adding carbonate of ammonia. 

Tho remaining solution, after extracting the iron 
and copper, should be heated to a boiling tempera- 
ture, and, when all the hydrosulphuric acid gas is 
driven off, the protoxide of cobalt and nickel pre- 
cipitated with a small excess of caustic soda, a 
high temperature being kept up. The precipitate, 
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after filtering, should be washed with hot water. 
The mixture of the two hydrates, 'while yet in a, 
moist state, should he mixed with diluted prussic 
acid and solution of potash (^, e. cyanide of potas- 
sium), and then heated until it is dissolved. The 
yellowish-red solution shonld be boiled to drive off 
the free hydrocyanic acid, and while hot, pure per- 
oxide of mercury, in the finest possible powder 
produced by washing, added. By this process, ail 
the potassio- cyanide of nickel is decomposed, and 
all the nickel, partly as oxide, partly as cyanide, 
precipitated, while the mercury takes its place. 

By heating to redness with admission of atmo- 
spheric air, the precipitate, after washing, is con- 
verted into pure protoxide of nickel, containing 
78.68 of the metal. 

By drying the mixture of tho two oxides, before 
treating with hydrocyanic acid and potash, and 
then exposing them to a red heat in a current of 
hydrogen, and thus reducing them and weighing, 
we avoid the necessity of ascertaining the amount 
of cobalt in a direct manner. 

If this was omitted, the solution, still containing 

the cobalt, should be accurately neutralized with 

nitric acid, and after this a solution of nitrate of 

mercury, of as neutral a character as possible 

11 
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addod, as long as a white precipitate of cyanido 
of mercury and cobalt is formed. After washing 
and drying, this should to heated to redness, with 
access of atmospheric air, by which, while the mer- 
cury is discharged, it is converted into the black 
peroxide of cobalt, which, on account of its varying 
percentage of oxygon, should, after weighing, be 
reduced in a current of hydrogen. 

If a nickel ore contain lead and sulphur, its 
analysis is effected according to the process eluci- 
dated in Article LI. The compound is decom- 
posed by heating in a current of chlorine gas. 

The pel cent'».j,e of sulphur may also be ascer- 
tained 1 y h at g to redness a separate portion of 
the e w th t e ind carbonate of soda, macerat- 
ing n w te a I Img an excess of hydrochloric 
acid a d p ec p tating the sulphuric acid thus 
formed with chloride of barium. 

Lvr. — TrN--WHITB COBALT, CoASj, Or A3, BRIGlir- 
WHITE COBALT, CoSj-FCoA,, AND COBAWIC WVR- 
HAOB PRODUCTS, GENERALLY, CONTAINING NICKEL, 
IRON, COFFER, AND eOMETIMES LEAD AND BIS- 
MUTH. 

The analyses of these compounds and the pre- 
paration from them of pure metallic cobalt, are 
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conducted on precisely tbe same plan as described 
in the foregoing article. 

Tin-white cobalt occurs in two forms, either one 
atom of cobalt being combined with two or with 
three of arsenic. In the following analyses, the 
first ia of an ore containing two atoms of arsenic, 
from Schneeberg, in Saxony, by Hofmann, the two 
latter containing three atoms, one a crystalline, tbe 
last an amorphous variety.* 



Arsenic 


. 70.37 


79.2 


79.0 


CoIj.lt . 


. 13.95 


18.5 


19.,') 


Iron . . 


. 11.71 


1.3 


1.4 


Nickel . . 


. 1.79 








Bismuth . 


. 0.01 


99.0 


99.9 


Sulphir . 


. 0.66 






Copper . 


. 1.39 







99.88 
Tho bright-white cobalt, according to Rammels- 
berg,t consists, in its purest shape or by calcula- 
tion, of 

Sulphur . 2ats. = 402.33 = 19.35 
Arsenic , 2 " = 940.08 = 46.18 
Cobalt . 2 " = 73T.98 = 35.4T 



* By Pi-of. Wiihlei- (ae 



2080.39 100.00 

am, Cliem. Min, toI. ii. 
t Ibid. vol. i. p. 353. 



Healed byGoogIc 



A MANUAL OF 



LVir. — COBALT AND MANOAKBi 



Tor the purely qualitative separation of the two, 
Tte precipitate both tho oxides with carbonate of 
soda, from their solution, rediasoIvD in acetic acid, 
and introduce hydros ulphnric acid, which will 
throw down the cobalt, while the manganese is re- 
tained in the solution. 

For a quantitative analysis, we proceed on tho 
following plan. We first add cyanide of potas- 
sium to the acid solution, by which both manganese 
and cobalt are precipitated, and, hy afterwards 
adding an excess of the same reagent, extract all 
tho cyanide of cobalt and a portion of the cyanide 
of manganese. The remaining portion of tbe lat- 
ter should be removed by filtration, washed and 
exposed to a red heat, with access of atmospheric 
air, and when cold, weighed. 

Tho filtrate should be heated up to the boiling, 
or at least seething temperature, while from timo 
to time a drop of hydrochloric acid is added, 
which will convert the cyanide of cobalt into the 
cyanate. More muriatic acid is then added, and 
the solution boiled again, until at last, with the 
introduction of still more of the aoid, the odor of 
hydrocyanic acid is no longer poreeptible. In 
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this manner, the bieyanide of manganese is con- 
verted into the cyanide, and the manganese may 
be precipitated from the hot solution by carbonate 
of soda, or caustic soda, whiie all the cobalt re- 
mains suspended in the solution, as potassio-eya- 
nate of cobalt, and may be treated as in Article 
LV. 

The precipitate of manganese, after washing, 
drying, and heating to redness, should bo weighed 
as above, and the two products added together. 

LVIII. — PLATINUM ORBS. 

Platinum always occurs native, but as a matter 
of course with various adulterations, and a great 
part of these aro so intimately allied to that metal, 
that their perfect separation is almost impossible. 
The first two of the following analyses are by Ber- 
zelius, and the last by Osann, of ore from the Ural 
Mountains, of the kind worked up in St, Peters- 
burg, The first analysis of Berzelius, is of an ore 
from Barhacoas, in the province of Antioquia, in 
Colombia, South America, occurring in coarse 
grains ; the second is of a magnetic ore from Goro- 
blagodat, in the Ural Mountains, and contains no 
11* 
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iridium. A portion of the loss in the latter is : 
feralsle to the osmium.* 



Platinum 
Iron . . 
Rhodium 
Iridium , 
Palladium 
Osmium 
Copper . 
Quartz . 
Lime 
Loss 



1. 
84.30 
5.31 
3.46 
1.40 
l.Ot) 
1.03 
0.74 
0.60 
0.12 
1.02 



86.50 
8.32 



1.40 
1.10 



0.46 



80.87 

10.92 

4.44 

0.06 

1.30 

2.30 

0.11 



100.00 100.00 100.00 



Before proceeding to the analysis, all mechani- 
cal admixtures, such as sand and gangue rock, 
should he separated from the ore. A magnifying 
glass is very serviceahle in this operation. If 
volatile substances arc suspected of being present, 
it will also be found necessary to heat the mineral 
to redness and thus to discharge them. A very 
a admixture is iron in magnetic grains, and 



,• See Kammels): erg's JlandwllTterlmcJi tier CTtem. Mln. 
SuppTem. I. for 1843, p. U6. 
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those aro extracted by repeatedly Eoiding a mag- 
net over the grains of platinum ore, and rubbing 
tbe adhering particles off, though care should be 
taken to investigate the quality of the ore before- 
hand, aa frequently magnetic oxide of iron is also 
contained in the platinum grains, in which case 
more or less of the platinum would be lost. 

The most simple plan is now to dissolve the ore 
in pure bydrochlorie acid mixed with a little nitric 
acid, in a glass retort or round-bottomed vial. 
The vessel ought to be placed on a sand-bath, and 
occasionally, when ebullition takes place, nitric 
acid added. Should this not entirely decompose 
the ore, more muriatic and nitric acid should be 
poured over it, until this is effected. Osmium, 
iridium, and chromate and titanato of iron (Ru- 
tile), See, remain undissolved, and should bo care- 
fully washed. (See nest article.) 

The acid, distilled over in the dissolving process, 
and retained in the receiver, should not exhibit 
any coloring of chloride of platinum, carried over 
by the force of the vapors. If it does, it- must 
be returned to the retort, and the operation re- 
peated, until the acid retains no coloring matter. 

The decomposition of the platinum ores often 
takes a Song time, sometimes even as much as 
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three or four days, and to insure accuracy it is 
necessary again and again to digest tlie residue 
with new acid until the color of the latter is no 
longer subject to any change. 

The different solutions arc then to be poured 
into one vessel and dilated with water. Lime^ 
pulverized and mixed with enough water to give it 
the consistency of dough — is to be added until the 
solution has become alkaline, and in this manner 
iron, rhodium, and the dissolved part of the 
iridium, &c., are precipitated. The mixture can 
he treated as in the following article. Platinum 
alone remains in solution, if the operator is careful 
not to admit light during the process, 

"We then filter and leach the precipitate. The 
filtrate should be acidulated with hydrochloric 
acid, concentrated, and the platinum precipitated 
with sal-ammoniac and alcohol as ammoniaeo-chlo- 
ride of platinum, which, after filtering, should be 
washed with alcohol, placed in a porcelain crucible, 
and heated, first slightly, but gradually more, until 
the temperature is increased to a red heat, when a 
spongy mass of pure metallic platinum is pro- 
cured.* 

* See Bodemana'B Pi-ohierkwast, p. 172, and also teoh- 
nical investlgatioii of the ore furnished in the Assayir'a 
Guide, by 0. M. L. 
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LIX. — PLATINUM RESIDUE, LEFT ON DISSOLVING 
THE ORE m AOUA REGIA. ISOLATION AND EX- 
TRACTION OF IRIDIUM, OSMIUM, AND RHUTE- 
NIUM. 

This residue, which remained undissolved in 
the process described in the last chapter, consists 
chiefly of grains and scales of osmium, iridium, 
iridium in the shape of powder, magnetic iron, 
titanate of iron, chromate of iron, and generally 
also of rhutonium. Occasionally, it also contains 
gold and traces of platinum. 

It is first necessary to reduce the coarse grains 
to as fine a powder as possible, by pounding and 
grinding with the peatle, the main object being to 
pulverize the combinations of iron. The whole 
should then undergo a process of washing (such 
as is employed in extracting the granules of gold, 
or gold-dust, from the sand of rivers or their pul- 
verized matrix), by which the chief portion of the 
osmium-iridium, being present in the shape of 
granules and minute scales, is mechanically ex- 
tracted. 

The very fine black powder thus also procured 
should bo mixed with about an equal proportion 
(by size or volume, not weight) of ground, docrepi- 
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tEited table-salt, and the whole then heated to red- 
ness in a porcelain or glass tube, in a current of 
hydrated chlorine gas, until this commences to pass 
through without being absorbed. 

The end of the tube, opposite to the point where 
the chlorine retort {A) is attached, should be fitted 
into a second retort (jB), having another open- 

l {Cj, as shown in Fig. 9, from ivhieh a tube 




fasses out aid conlicts the supeifluou chloime 
gi into alcohol (B) 

In th mannei ombmati ns lie foimed c n 
Bistmg of chlorides of iiidium and sod un and 
chloiides of osmium and sodium The latte com- 
pound IS almost entu'ely decomposed by the moist- 
ure of the chlorine gas, and the osmic acid thus 
produced is sublimated in the retort (B), while a, 
part is carried oyer into the alcohol. 
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The residue in the tube shoald, on cooling, bo 
macerated in water, and afterwards waalied out on 
the filter with hot water. 

The strongly- colored yellowish-red solution thus 
filtered from the ferruginous sand, and which con- 
tains iridium, should be mixed with concentrated 
nitric acid, and distilled, by which some of the osmic 
acid in its aqueous solution is distilled over. The 
solution of iridium, thoroughly concentrated by this 
process, ought, before cooling, to be mixed with a 
saturated solution of sal-ammoniac, by which, as 
soon as it has become cold, a large portion of the 
iridium is thrown down as a very dark red, almost 
black, crystalline mass of ammoniaco-chloride of 
iridium, which should be filtered and washed seve- 
ral times with a solution of chloride of ammonium. 
On heating the precipitate to redness, gray, 
spongy, metallic iridium is left. 

The remainder of the solution should be mixed 
with crystallized carbonate of soda in excess, and 
this mass then exposed to a moderate red heat in 
a crueiblo, and on cooling, leached with hot water, 
which generally runs off with a yeBow color, caused 
by chromate of soda, the chromic acid originating 
with the chromate of iron. 

The black powder obtained in this manner con- 
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Bists of a compound of sesquioside of iridium and 
soda with impurities of peroxide of iron, and some- 
times platinum. To reduce it, we heat it to a 
moderate redness in a current of hydrogen, after 
which water ^11 extract the caustic soda, while 
tho iron is removed by digesting the residue with 
concentrated hydrochloric acid. Dilute aqua 
rcgia, aided in its action hy a mild heat, wiU 
generaily yet dissolve some platinum (if this was 
contained in the original residue) which is capahle 
of being precipitated by sal-ammoniac. 

The iridium, purifiecl by these several procedures, 
should be properly washed, and then very strongly 
pressed and forced to cohere in its different par- 
ticles. Placing it now in a crccible, it is exposed 
to a most intense white heat, by which the metal 
can be forced into a tolerably connected and com- 
pact form. 

To reduce the osmic acid to metallic osmium, it 
is necessary to pass it in its vaporous state, 
together with hydrogen, through a glass tube, 
heated to redness at one point ; or else to mix its 
solution with formic acid and apply heat ; or, 
according to a third plan, to add ammonia and 
chloride of ammonium, evaporate to dryness, and 
heat the whole in a retort until all the sal-am- 
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is discharged, and bluish hlack osmium is 
left. 

By once only treating the original pla.tinnm resi- 
due in this manner, it is not yet drained of all the 
osmium and iridium, moro of which is ohtaincd 
by repeating the process. 

If the solution of iridium contain gold, thia 
metal can be precipitated by heating with oxalic 
acid. 

The puro grains and scales of osmium-iridium 
frequently also containing rhutenium, and pro- 
cured in the earlier part of this analysis, can be 
treated like the other portion, after pulverizing in 
an iron mortar, and then removing the possibly 
adhering iron by hydrochloric acid. The mass, 
after heating to redness in chlorine gas, should 
be dissolved in water, some few drops of ammonia 
added, and heat applied, by which a mixture of 
the oxides of rhutenium, osmium, and iridium 
collects. By distilling this with aqua regia, the 
osmium passes over as oamic acid. The residue 
is to be evaporated to dryness, mixed with a com- 
pound of potash and nitre (melted up together at 
a red heat), dissolved in water, when the yellow 
soliition of rhuteniate of potash is to be poured off 
from the oxide of iridium and carefully neutralized 
12 
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with nitric acid, by wliieii black oxide of rhutenium 
is thrown down. 

A second plan is to melt the entire, tlioijgh not 
pulverized, grains with a mixture of equal parts of 
potash and chloride of potassium, whereupon water 
will extract osmiate and rhutcniate of potash, 
while black oxido of iridium, mixed with some un- 
oxidized granules, remains. This solution must not 
be filtered ofi'. 

Rhutenium only occurs at from three to six per 
cent, in the osmium-iridium, or at from one to one 
and a half per cent, in the original platinum 
residue. 

LX. — PLATINUM ORBS, COSXAISING PALLADIUM, 
RHODIUM, AND MERCURY. 

The ore is first submitted to the action of nitric 
acid as in Art. LVIII., and the residue reserved 
for the processes given in Art. LIX. 

The nitric solution should then be galvanically 
precipitated with a polished bar of zinc, after the 
ammonia CO- chloride of platinum has been thrown 
down. A black metallic powder is thus obtained, 
consisting of platinum, iridium, palladium, rhodium, 
copper, and frequently mercury. 
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By applying heat, the mercary ia disoharged ; 
and its weight ascertained by the loss. 

Nitric acid should then be poured over the 
remainder, and thus palladium and copper obtained 
in solution. To thia we add the impure cyanide 
of palladium (palladium and copper), procured dur- 
ing the extraction of platinum, and which should 
have heen previously heated to redness ; mix with 
hydrochloric acid and an excess of chloride of 
potash and evaporate to dryness. Alcohol will then 
extract the potasaio-chloride of copper from the 
deep red potassio-chloride of palladium, and this 
latter is then to be reduced to its metallic state 
after being mixed with sal-ammoniac. Water 
poured over it will carry off the chloride of potas- 
Bium. 

The metallic residue, from which copper and 
palladium have been extracted, furnishes the rho- 
dium, and to obtain thia separately the powder ia 
melted with bisulphate of potash, as long as this 
continues to receive a rod coloring of potassio-sul- 
phate of rhodium. The salt is then to be dissolved 
in boiling water, soda in excess added, the solution 
evaporated to dryness, and then macerated in 
water, when first hydrochloric acid is added, and 
decanted, and then the same repeated with water. 
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Black oxide of rhodium is tlius procured as resi- 
due, whick can readily be reduced in a current of 
hydrogen.* 

The solution may bo treated as directed in the 
last article. 

LXI. — ASSAY OF SILVER ORES BY HEAT. 

From argentiferous galena, gray copper ore, 
copper and iron pyrites and other ores, even when 
these are mixed with much of the gangue roci, the 
whole of the silver, concentrated in a little lead, 
is capable of extraction by the following methods. 

A thousand grains of the ore, fully pulverized, 
are melted together with three hundred grains of 
saltpetre, and one thousand of litharge. More ore, 
if used, requires a proportionate increase of the 
saltpetre and litharge. 

Another plan ia to melt the ore with from tMrty 
to fifty times its weight of litharge, or one part of 
ore with three parts of decrepitated (i. e. anhy- 
drous) sugar of lead and two parts of potash, under 
a covering of table-salt. 

Prom the button produced, the silver can be ex- 
tracted cither by driving off the lead in the muffle 
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by cupellation or by the wet process already de- 
Bcribed. 

LXir. — PEIIOXICE OF lEON, AND PROTOXIDE OF IHON, 
XENITE, MAGNETIC IKON ORE, &C. 

for merely tecbnical purpoaea, it is not always 
necessary to ascertain the different atages of oxi- 
dation in which the iron exista, though even ia 
these it may frequently be an object of considera- 
tion to become posaeased of the knowledge of this. 
It were impossible here to enumerate all the min- 
erals which contain these two oxides, and to give 
their analyses. 

Professor Rammelsberg gives the following esti- 
mate of the composition of magnetic iron ore, 
calculated from the formula to which the analyses 
have been reduced : — 

Peroxide of iron, 69.02 giving iron *71.*78 

Protoxide of iron, 30.98 and oxygen 28.22 

100.00 100.00 

The mineral termed Yenite, is another which 
belonga to this class. Its composition is given in 
the Introduction. 

1. Modes of determining the whole metallic 
iron. 

12^ 
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The first plan is to dissolve the substance in 
hydrochloric acid, and to heat the solution with 
some chlorate of potash, to convert the chloride 
into chlora,to, and then to precipitate the peroxide 
of iron with ammonia, wash, heat to redness, and 
weigh. This proceas ia, however, only applicable, 
when no alumina, phosphoric, or arsenic acid is 
present. 

Another method, for which we are indebted to 
Fuchs, is to remove all the free chlorine hy boil- 
ing from the solution in muriatic acid with chlorate 
of potash, and then to insert a weighed bright 
strip of copper, and to hoil until the yellow color, 
produced by the formation of chloride of copper, 
has changed to the bluish green of the salts of 
protoxide of iron. The solution is then permitted 
to cool in a closed vessel, when it should be do- 
canted from the copper, the latter qiiicldy and 
thoroughlj washed off, dried, weighed, and the 
loss calculated. The equivalent of copper (395.60) 
is to that of iron (350.53) as the dissolved portion 
of the copper to the quantity of iron contained in 
the solution. 

2. Mode of determining the, amount of peroxide 
and protoxide of iron separately. 

The mineral should he dissolved in an excess of 



Healed byGoogIc 



CHEMICAL ANALYSIS. 1S9 

concentrated nitric acid, a closed glass vessel, filled 
with carbonic acid gas, being employed. Water h 
then introduced until the whole room, unoccupied 
by the solution, is filled up, when a weighed strip 
of copper is inserted, the stopper or cover of the 
vial or other vessel employed replaced, and this 
vessel itself set in a basin or evaporating dish con- 
taining water, which we gradually heat up to a 
seething temperature. We then proceed as above, 
for it is necessary first to know the whole amount 
of the iron, thus to possess a controlling proof for 
the accuracy of the remainder of the analysis. 

We must next ascertain the amount of peroxide 
of iron in the compound. To do this, another well- 
ground portion should be weighed off, and placed 
in a vial, possesshig a cork, through which three 
tubes are inserted ; one having a funnel top, and 
reaching to the hottoui, a second being for the in- 
troduction of carbonic acid gas, and the third for 
the vapors, &o., to pass off (see Fig. 10). Car- 
bonic acid is then forced into the vial, until it is 
filled, and, after that, hydrochloric acid poured in 
through the funnel. The dissolving process should 
be aided by warmth, while the current of gaa is 
kept up throughout. After that, water {previous- 
ly boiled out) is added, by means of the funnel, to 
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dilute the solution, and tliea carbonate of baryta, 
■whicli has been mixed with water until it resemblea 




milk. Under these circumstances, by the aid of 
mild digestion, all the peroxide of iron is thrown 
down, while the protoxide remains in solution. 
After the precipitate has settled, and the liquid 
portion become perfectly clear, the latter should be 
decanted through the third tube, and this repeated 
with great care after washing the residue. The 
latter ia then quickly to be placed in a filter, and 
with equal rapidity leached, by means of a wash- 
ing bottle, containing previously boiled, but now 
cold water. The access of atmospheric air must 
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be scrupulously avoided, by placing a plate of glass 
over the funnel. 

The ferruginous residue should then bo dissolved 
in muriatic acid, and first the baryta precipitated 
ivith sulphuric acid, and then the peroxide of iron 
with ammonia. 

The liquid portion, which contains the protoxide 
of iron, should be mixed with a little nitric acid, 
then concentrated by evaporation, and the baryta 
and iron precipitated as above. It must be re- 
membered that the iron precipitate is, however, 
the peroxide, and that it is necessary to calculate 
the original protoxide, from which it was formed. 
The peroxide contains only one atom of oxygen to 
one of iron, while in the protoxide, we have tlu'ee 
atoms of the former to two of the latter. 

The protoxide of iron contained in the mineral, 
may also be calculated by deducting the peroxide 
from the whole amount of iron, ascertained by 
Fuchs's process. To do this, it is necessary to pro- 
ceed in the following manner ; — 

Considering A as the sum total of the metallic 
iron, -B as the peroxide of iron found, X as the 
protoxide (sought), 6 as the metallic iron in a hun- 
dred parts of the peroxide, and c as the metal in a 
hundred parts of the protoxide, and d as the metal 
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in tlic protoxide, ascertained by calculiition, and e 
as the iron in tJie peroxide ; then 





J5xlOO 

^^=e (sought.) 




From A 




Deduct e 




Leaves d (sought.) 




""'"' X(.ough..) 


LXIII.' 


—ASSAY 01' IRON OKBS BY HEAT. 



The humid process has already been given in 
the first part of the last article. The assay by 
heat is performed in a charcoal crucible, i. e. a 
Hessian crucihle lined with charcoal powder. 

The carefully pulverized and weighed iron ore, 
roasted or not, accordingly as it does or does not 
contain sulphur, should be mixed with calcined 
borax, and exposed to the most severe heat for an 
hour, in a tightly closed (with putty) charcoal 
crucible in a well-ventilated draught, or bellows 
furnace. 

The quantity of borax varies according to the 
quality of the ore. The more foreign admixtures 
there exist, the more of the flux is required. Ten 
parts (about 150 grains are commonly used) of the 
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iron ore require at least three parts of borax, and 
most generally ten. 

The iron thus produced is not pure, but equal in 
quality to the pig metal (crude iron), produced 
from the same ore in the high furnace. JFor ita 
further investigation, see next article. 

LXIV. — CEUDB IRON, DETECTION AND ISOLATTOW OF 
ADULTERATIONS. 

In detecting and calculating the amount of each 
of the foreign suhstances contained in the pig iron, 
it is best in most cases to employ different portions 
of the latter. 

1. Qarhon. — The whole quantity of this is dis- 
covered and established, by placing the properly 
filed iron, aa in organic analyses, in a small 
porcelain vessel (shaped like a canoe, and moving 
with ease in a glass or porcelain tube), and then 
igniting it in a tube, with a slow current of oxy- 
gen, applying heat at the spot where the little 
vessel is put. The carbonic acid gas, thus evolved, 
is condensed in a weighed potash apparatus, at- 
tached at one end of the tube. This apparatus is 
then weighed a second time, and the i 
weight will be equal to the amount ( 
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acid produced from the carbon. One hundred 
parts of the former contain 27.2T3 of the latter. 

Another plan is the following. A second weigh- 
ed quantity of iron filings are to be dissolved in 
diluted sulphuric acid, during which process the 
chemically combined carbon passes off as carbu- 
retted hydrogen, while that existing in the shape 
of graphite is retained. The gas may be con- 
ducted through a solution of acetate of lead, and 
by the precipitation of sulpburet of lead the pre- 
sence of sulphur detected. 

The insoluble residue should be washed care- 
fully, dried at about 400°, and, as above, ignited in 
oxygen. From the amount of carbonic acid, that 
of the graphite is calculated. 

2. Silicon. — The residue of the first test for 
carbon, which contains all the silicon as silicic 
acid, should be dissolved in concentrated hydro- 
chloric acid, the solution evaporated to dryness in 
ft water bath, the remaining mass digested with 
diluted hydrochloric acid, and the silicic acid re- 
moved by filtration. One part of this acid con- 
tains 0.48036 of silicon. 

3. Phosphorus. — The solution filtered off from 
the silicic acid is treated, for the detection of phos- 
phoric acid, as in the second process in Art. XXI. 
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If the iron contain ai'scmc, this will be precipitated 
with the former ia the shape of arsdnic acid, 

A less acenrate plan for the quantitative detec- 
tion of phosphorus, is to beat to redness one part 
of the iron filings with one part of carbonate of 
soda and two of saltpetre; then to macerate the 
mixture in water, to saturate the solution first with 
muriatic acid and then with caustic ammonia, and 
lo add sulphate of magnesia. 

4. Arsenic. — For the mere qualitative detection 
of this substance, we dissolve the pig iron, in di- 
luted sulphuric acid, and digest the filtered black 
residue with hjdrosulphate of ammonium. From 
this filtered solution diluted sulphuric acid will pre- 
cipitate sesquisniphuret of arsenic. The precipi- 
tate we dissolve in aqua regia, evaporate off the 
nitric acid, and reduce the arsenic in Marsh's ap- 
paratus. {See Medico -Judicial Process, at the end 
of this work.) 

The solution of iron, filtered off from the black 
residue, itlso contains arsenic, to obtain which we 
neutralize with carbonate of soda, add a few drops 
of chloride of iron, and then acetate of soda, by 
which arsoniate of iron is thrown down. This is 
easily decomposed by hydrosulphate of ammonium. 

For the quantitative determination of the arse- 
13 
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nic wo should dissolve tlio crudo iron la muviatie 
acid, gradually adding nitric acid ; and then, after 
filtering the solution, and separating it thus from 
the carbon, heat ifc with sulphurous acid, until all 
the protochloride is converted into perchloride, 
and ali the sulphurous acid is discharged. Sul- 
phuretted hydrogen is then introduced in excess. 
After remaining saturated with this for twenty- 
four hours in a closed vessel, tho gas is permitted 
to evaporate, and the solution is filtered off from 
tho precipitate. (See below.) 

5. Copper. — This vril! be found in the sulphu- 
retted hydrogen precipitate. After drying, tho 
latter should be distilled in a tube, aulphuret of 
copper remaining. ATKjjher plan ia to extract the 
sesquisulphuret of arsenic with caustic potash, 
though the most accurate way is to do so with siil- 
phuret of potash. 

6. Manganese. — The solution filtered off from 
the sulphuretted hydrogen precipitate of arsenic 
is heated very nearly to boiling, and chlorate of 
potash or hypochlorite of soda added to convert 
the protoxide of iron into the peroxide. After 
this, iron and manganese are separated, as in Art. 
SYIII., by bicarbonate of soda. 

7. Alumina. — The alumina ia contained in the 
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iron precipitate just produced, and can lie extract- 
ed from it as in Art. XIX. 

8. Magnesiwrn and Oalcium remained with tho 
protoxide of manganoso in tho solution, precipi- 
tated by bicarbonate of soda. 

9. Chromium and Vanadium. — A large quan- 
tity of the iron filings are heated to redness with 
two parts of nitre and one of carbonate of soda ; 
the mass macerated in water and treated &a will be 
shown in another article. Phosphoric and arsenic 
acids may also be sought for together with these. 
A more certain and sure method is to employ for 
this part of the analysis the carbonaceous residue 
of the solution of a very large quantity of iron in 
diluted sulphuric acid. 

10. Molyhdenum is sometimes extracted togeth- 
er with the arsenic from the black carbonaceous 
residue, by hydrosulphate of ammonia, and from 
the solution (in acid) precipitated with the sesqui 
Bulphuret of arsenic. By distilling this in a tube 
the arsenic is discharged, while sulphuret of molyb- 
denum remains. 

11. Sulphur. — The approximate amount of this 
substance we can ascertain from the hydrosulphu- 
rie acid when dissolving the iron in sulphuric acid 
as in 1. In 3 and 6 we have it in solution, and can 
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precipitate with chloride of barium. A third me- 
thod is to dissolve a large quantity "of iron in aqua 
regia, and to precipitate tho SHlpharic acid formed 
from the diluted solution with chloride of barium. 

12. Nickel and Cobalt we may discover by ele- 
vating the state of oxidation of the solution, from 
which tho copper was extracted by siilphurettod 
hydrogen, and precipitating the iron 'by digestion 
with carbonate of baryta, after which we are 
enabled to precipitate nickel and cobalt by hy- 
drosulphate of ammonia. 

For the detection of most foreign admixtures it 
13 advisable to wse the black residue, produced 
when dissolving the iron in diluted sulphuric acid. 
Of this it is easy to procure a large quantity. It 
contains silica, carbon, carburetted iron, phosphu- 
retted iron, arscniuretted iron, and chromate and 
vanadiato of iron, molybdenum, &c. 

To procure this residue so that it contains the 
whole amount of carbon (phosphorus, arsenic, chro- 
mium, &c.) in the iron, it is necessary to digest the 
iron filings with a solution of chloride of copper, 
by which all the free, uncombined iron dissolves, 
copper taking its place. After decanting the so- 
lution, it should be digested with a solution of 
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cliloricle of iron, access of air being avoided, and 
in this manner all the copper extracted. 

Potash, digeated with this residue, will extract 
a newly-formed humic compound ; and besides this, 
phosphoric, arsenic, and silicic acids. Nearly the 
whole amount of the latter may thus be obtained. 

The residue may also be examined by first heat- 
ing to redness in chlorine gas. 

I.XV. — MBIBOIIIC lEOK AKD METEOEIC STONES, 
Nickel is an invariable ingredient of meteoric 
iron, and it is to this that in a great measure its 
remarkable hardness is referable. 

An analysis by Professor E. Silliman, of some 
of this mineral from Tesaa, gave the following re- 
sult. A residue was left on dissolving in hydro- 
chloric acid: — 



Iron 








. 90.911 




Nickel . 








8.462 




Residue 








0.500 






99.873 




The residue 


was 


almost entirely 


soluble in aqua 


regia, while i 


insolubio 


graphite i 


remained. 


The 


contents were: 


— 




13* 
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31.2 

42.8 



9.3 



Iron . ■ . • 

Nickel 

Piioaphoriis • . . .4.0 

Carbon . , . • . 5.0 

Antimony? l 

Copper J 
A meteoric stone from Tulbagh in tbe Cape Co- 
lony, which fell on the 13th Oct., 1838, contained, 
according to Faraday, besides traces of cobalt and 
soda — 

28.90 



Silica 



Protoxide of iron 






33.22 


M.gne8i. . . 






19.20 


Alumina . 






6.22 


Lime 






1.64 


Oxide of niclicl 






0.82 


" chromium 






0.70 


Sniptai- . 






4.24 


Water (?) . 






6.60 



Fischer and Duflos have analyzed some meteoric 
iron which fell at Brannan, on the 14th July, 1847. 
According to them it was thoroughly soluble only 
in aqua regia, and consisted of :^ — 
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Iron 91.882 

Nickel 5.5ir 

Cobalt 0.529 

Residue 2.072 

100.000 
This residue was composed of copper, manga- 
nese, arsenic, calcium, magnesium, silicon, carbon, 
chlorine, and sulphur.* 

As seen from the last analysis, meteoric iron is 
not always capable of being dissolved in hydro- 
cbloric acid, and it is therefore necessary to expori- 
ment on its solubility before regularly entering 
upon the analysis. 

The rules given for crude iron apply in every 
respect to this occurrence of the metal, and it would 
be a repetition to detail them here. 

LXVI. — SILICATE OP PKOTOXIDE OF IRON — FUR- 
NACE SLAG. 

The carefully pulverized substance should be 
placed in an evaporating dish, thoroughly mixed 
with concentrated hydrochloric acid, some nitric 

* Earn melsb org's Bqiertorium d. Cliem. Theils der Miner' 
alogie. 
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aeid addod to elevate tto stage of oxidation of tlie 
iron, and the whole then digested until it hecomea 
a homogeneous, yellow, gelatinous mass. This 
should then be evaporated to dryness in a eand- 
bath. 

The residue should be digested in acidulated 
(muriatic) water, the silica removed by filtering, 
and then -washed, dried, and heated to redness. 

From the filtrate, the peroxide of iron is pre- 
cipitated with ammonia, washed, dried, heated to 
redness, and weighed. From its weight the prot- 
oxide of iron is calculated. 

If a slag contain limo and magnesia, they should 
be extracted from the filtrate of the iron precipi- 
tate, the former by oxalic acid, the latter by phos- 
phate of soda. 

A scoall admixture of copper we are able to 
detect in the original solution by hydros ulphuric 
acid, and traces of phosphoric acid, oxides of chro- 
mium and vanadium, by heating a largo quantity 
of the slag to redness with nitre, when we examine 
farther, as will be shown in Art. XCI. 
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LXVII. — COPPER SLAG, SILICATES OP POTASH, LIMB, 
MASHESIA, LEAD, AKD COPPER. 

After carefully pulverizing the slag, we mix it 
with hydrochloric acid, evaporate to dryness, ma- 
cerate in hot acidulated (muriatic) water, filter off 
tlie silica, and wash with hot water. 

From the filtrate, lead and copper are thrown 
down by sulphuretted hydrogen, the precipitate 
then separated from the liquid portion by means 
of filtering, and washed with hydrosulphuric acid 
water, when copper and lead are treated and 
isolated, as in Art..XXXIX. 

The remaining solution we concentrate by eva- 
poration, and separate the other bases aa in Arts. 
III. and VI. 

LXVIII. — NATROLITH OR MBSOTTPE. SILICATES OF 
SODA AND ALUMINA WITH WATER. 

By exposing a weighed quantity of the mineral, 
dried at 212°, to a red heat, the water is driven off 
and its an unt as t ned by weighing again and 
deducting f n th lal weight. 

For th t f tl analysis we must employ 

another p t n wl 1 has not been calcined. It 
ia neceesa y t pul ze it with the utmost care; 
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after which, placing it in a porcelain vessol, we 
pour Bome moderately strong hjdrocliloric acid 
over it, cover the vessel, and digest until the whole 
has been converted into a transparent, gelatinous 
mass. 

To mate the silicic acid insoluble, it is neces- 
sary then to evaporate to dryness, stirring all the 
while. 

The remaining saline mixture should be dis- 
solved in a little water (acidulated with a few drops 
of hydrochloric acid), and the solution then filtered 
off from the silica, which should be washed, dried, 
heated to redness, and weighed. 

A slight excess of caustic ammonia will precipi- 
tate the alumina from the filtrate. After applying 
a little warmth we filter, wash, dry, heat to red- 
ness, and weigh. 

If the mineral contained iron,, as is the case with 
the yellow natroJith, this should be separated, as 
in Art. LXX., from the alumina. 

The last filtrate, after concentrating, we evapo- 
rate to dryness in a weighed platinum crucible, 
and carefully increase the heat until the sal-am- 
moniac is driven off, when a red heat should be 
applied. The residue is chloride of sodium, which 
contains 0.53010 of soda, or 0.39318 of sodium. 
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A specimen from Faroe, according to Smithson, 
contaiacd :— 

Soda 17.0 

Silica 49.0 

Alumina 27.0 

Water 7.0 

100.0 
While another varietj containing iron, examined 
by Thompson, and coming from Antrim, in the 
province of Ulster, in Ireland, consisted of: — 

Soda 14.93 

Silica 47.56 

Alumina 26.42 

Oxide of iron .... 0.58 
Water 10.44 

99.93* 

LXIX. — EELSPAR. 

The variety called Adular, according to Ber- 
thier, is composed of: — 

Silicic acid .... 64.20 
Alumina .... 18.40 

Potash .... 16:95 

99,55 

* Alger's Phillipa's Min. 
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Most varieties contain some iron. Of these, 
Vauquelin has examined the gregn felspar fi'om 
Siberia, and Professor Grustavua Kose the fiesh- 
colored mineral from Lomnitz, in Austrian Silesia. 
The first of the following analyses is of the former, 
the second of the latter: — * 



Silic. 


. 62.83 


66.76 


Alumma . 


. 17.02 


17.50 


Potash 


. 13.00 


12.00 


OiMo ot iron . 


. 1.00 


1.75 


Limo 


. 3.00 


1.25 



96.85 98.25 
The mineral should be ground up to a very fine 
powder, and then different methods may be adopted 
in its analysis. 

One mode of procedure is to mix the pulverized 
felspar with about four or five times as mueli car- 
bonate of baryta, and to expose it in a platinum 
criiciWo to a white heat, until it is on the point 
of melting. 

Another plan is to mix the mineral with four 
times its weight of hydrate of baryta, from which 
we remove the water, and then to expose it in a 
silver crucible to an intense red heat until it melts. 

* Kamuielsbei-g's Handwortarhuali d. Chem. Mm. 
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Water is tlien poured over tlie molten mass, and 
by degrees concentrated muriatic acid added in 
drops, until, with tlie aid of slight warmth, it has 
all been dissolved, with the exception of gelatinoua 
silica. To make the latter insoluble, the whole 
solution should be entirely evaporated to dryness. 

The saline mass is then to be digested with water 
containing a little muriatic acid, until the soluble 
portion dissolves, while the silica remains. We 
then filter aod wash, dry, heat to redness, and 
weigh the latter. 

The main part of the baryta we precipitate from 
the filtered solution by gradual and careful addi- 
tion of dilated sulphuric acid, and the remainder, 
together with the alumina, by a mixture of carbo- 
nate of ammonia with caustic ammonia, added in 
slight excess. After allowing it to settle for the 
space of twenty-four hours, we filter and wash. 
The alumina is then to be extracted with hot, 
diluted sulphuric acid, and again precipitated hy 
caustic ammonia. After filtering, washing, and 
heating to redness, we weigh. 

The filtrate from the united precipitate of alu- 
mina and baryta contains the potash. To obtain 
this we concentrate the solution by evaporation, 
14 
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Saturate with hydrochloric acid, evaporate to dry- 
ness, and thou, in a covered crucible, heat the 
residue almost to redness, when chloride of potash 
is left, which contains 0.63182 of potash. 

If the mineral contain iron, that metal is separ- 
rated as in former analyses, and if soda, this is 
treated as in Art. I. 

■ A different way of examining tlio felspar is the 
following. 

We place it in a platinum crucible, and pour 
fluoric acid, of almost fuming strength, over it, and 
digest until perfect decomposition has taken place; 
or else, spreading the mineral powdor in a flat 
platinum dish or basin, we moisten with water, and 
in a suitable, closing vessel of lead, expose it for 
some time to the action of the vapors of fluoric 
acid, procured by pouring concentrated eulphurie 
acid over some pulverized fluorspar strewed over 
the bottom of the leaden vessel, and then applying 
slight heat. 

In either case it is necessary afterwards, at 
a moderately increased temperature, to evapo- 
rate to dryness. The residue is then com- 
posed of silico-fluorate of potash, and silico- 
fluorate of alumina. To expel the silico-fluorio 
acid, concentrated sulphuric acid is poured upon 
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it, and slight warmth applied until all is driven 
off. 

Sulphates of alumina and potash remain, and 
these we dissolve in very little water, and precipi- 
tate the alumina with caustic ammonia; which, 
however, as in the first method given, containa 
sulphuric acid, to remove which latter we dissolve 
the precipitate in hydrochloric acid, after first 
washing, and again add ammonia. 

The filtrate from the first precipitation of the 
alumina we evaporate to dryness and heat with 
great care (so that no spattering ensues, which 
would occasion loss) until the ammoniacal 
salt is driven off. The residue of acid sulphate of 
potash we next heat to redness in an atmosphere 
of carbonate of ammonia, to neutralize it. This is 
done by holding a piece of this salt in the rcdhot 
crucible. 

If soda also he present in conjunction with the 
potash as a sulphate, it is necessary to add hydro- 
chloric acid to prepare the salt for the treatment 
with chloride of platinum. (See Art. I.) 

In this mode of analyzing we determine the 
quantity of silicic acid directly, but it is necessary 
to calculate its amount from the loss, or else to 
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ascertain it by a separate treatment with carbonate 



LXX. — GLASS, SILICATES OE LIME, POTASH, AMD 
SODA, SOMETIMES COSTAININO PROTOXIDE OF 
LEAD, &C. 
It is necessary to make two analyses, one by 

melting with carbonate of soda to decide upon the 

amount of silica, the second by treating with 

fluoric acid to determine its alkaline contents. 
The composition of glass varies considerably- 

The recipe giyen for flint gJass is : — * 

Ground flint .... 100 parts 
Oxide of lead . . . 30 " 

Saltpetre . . . . 34 " 

or, 

Clean, white, well-washed sand 60 parts 
Ozide of lead . . . 35 " 

Potash 30 " 

Saltpetre .... 2 " 

while the common windotv glass consists of: — 

Sand 100 parts 

Potash 25 " 



iS, AlK 



'. Tech. Cheiiiie, 
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Glauber salt, decrepitated by 
exposure to the action of 
atmosp Eerie air . . ■ 8 parts 
Charcoal . . . • 2 " 

"Wood-ashes, sifted . • . lYO " 
Broken glass .... 120 " 
Chfeen hottle-glass is generally composed of: — 

Sand 130 parts 

Ashes, from which the lye has 

been extracted . . . 80 " 
Table salt . . . . 16 " 

Potash 20 " 

"White aracnic . . • 1 " 

For the first analysis, one part of the well- 
ground glass is mixed with three parts by weight 
of a flux, consisting of four parts of carbonate of 
potash and two of carbonate of soda, and thus 
exposed to a melting heat, after which wo dissolve 
in hydrochloric acid, and evaporate to dryness. 
The soluble part is thea to be dissolved in acidu- 
lated (hydrochloric) water, and filtered off. Silica 
remains, and should be washed on the filter. 

From the filtrate the casual adulterations, such 
as iron, manganese, and alumina, which are even 
common ingredients of colorless glass, we precipi- 
tate with ammonia, after first adding some chlorine 
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■water to convert the protoxide of manganese into 
the peroxiJe. 

Aftor this, oxalic acid will throw down the lirae 
as oxalate, which we heat to redness to convert it 
into the carbonate. 

If protoxide of lead be contained in the glass, 
we should extract this first, by introducing hydro- 
sulphuric acid gas into the filtrate from the eilicic 
acid. 

Arsenic, if present, will thus also be precipitated 
together with the lead. To separate them, we dis- 
solve them both in hydrochloric acid, and then 
throw down the lead with sulphuric acid, or extract 
the arsenic as ammoniaco-arseniate of magnesia. 

To ascertain the quantity of the alkalies, we 
treat a second portion of thoroughly ground glass 
as in the felspar analysis, either with fluoric acid, 
or hy heating to redness with caj'bonate of baryta, 
and then proceed as given in the last chapter. We 
are then also capable of again examining the other 
bases. 

LXXI, — AUGITB (pyroxene) AND HORNBLBKDE. 
SILICATES 0¥ LIMB, MAGNESIA, IRON, MANGAMESE 
AND ALUMINA. 
A green variety of this mineral from Dalccarlia, 
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in Sweden, according to Rose, gave the first of the 
following analyses, while a specimen from Finland 
examined by Beraeliua gave the second. 



Silica, 


. 64.08 


50.99 


Lime 


. 23.4T 


20.00 


Protoxide of iron 


. 10.02 


21.00 


Magnesia . 


. 11.49 


4.50 


Oxide of manganese 


. 0.61 


3.00 



99.67 98.50 

Another green variety, analyzed hy Rose, con- 
tained also 0,14 of alumina. 

After pulverizing the mineral to the utmost ex- 
tent of which we are capable, we melt it with four 
times its amount of carbonate of soda and pot- 
ash. 

This mixture we dissolve in hydrochloric acid, 
with the addition of some few drops of nitric acid, 
when the silica is rendered insoluble and farther 
treated aa in Art. LXVIII. 

As ammonia would precipitate besides the per- 
oxide of iron also, if present, alumina and mag- 
nesia, it is necessary, in such cases, to proceed 
as follows : — 

The solution, diluted by the washings, we gra- 
dually neutralize, while constantly stirring, by 
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carbonate of soda, so that it is saturated with 
carbonic acid, and by the addition of the last 
amount of carbonate of soda the bicarbonate of 
this alkali is formed, 

By this process, oxide of iron and alumina alone 
are thrown down, while lime and magnesia, to- 
gether with the protoxide of manganese, are re- 
tained in solution. 

Alumina and iron are then separated, after 
filtering, as in Art. XIX. 

The filtrate from this precipitate is mixed, ac- 
cording to the quantity of manganese, with more 
or less hypochlorite of soda, and set aside for 
twenty-four hours in a closed vessel, by which the 
manganese is thrown down in the shape of a 
hydrate of the hyperoxido, which by heating to 
redness is convertible into the aesquioxide, one- 
fourth of its oxygen being evolved. 

The solution, filtered off from this, is to be con- 
centrated by boiling in a slanting retort, when it 
should be saturated by hydrochloric acid — care 
being taken to avoid spattering — and an excess of 
ammonia added, after which oxalic acid will pre- 
cipitate the lime. Slight digestive heat should he 
applied, and a little time given for the precipitate 
to collect, after which it is filtered off and treated 
as in Art. VI. 
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The magnesia wQ precipitate as in tlie same 
chapter, in the shape of am moniaco -phosphate of 



LXXn. — BERYL. EMERALD. 

Klaproth gives the contents of a horjl from 
Siberia, as:^ 

Silica 66.45 

Alumina ..... 16.76 
Glucina ..... 15.50 
Perox. of iron .... 0.60 

99.30 
A Tarietj from Broddbo, according to Bcrzelius, 
also contained j^-g per cent, of oxide of tantalum, 
while another from Fossum, according to Sheerer, 
contained ^555 per cent, of lime. 

A specimen of emerald, analyzed by Klaproth, 
consisted of: — 

Silica 68.50 



Alumina . 

Glucina . 

Peroxide of iron 

Lime 

Oxide of chromium 

Water and loss 



15.75 
12.50 
1.00 
0.26 
0.30 
1.70 

100.00 
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Acconling to Raramelsberg, the calculated com- 
position, omitting the casual impurities, is : — 
Silica . 9 atoms = 5195.79 = 69.80 
Alumina 2 " " = 1284.66 = 1T.26 
Glucina 18 " = 962.52 = 12.94 

7442.9T 100.00 
Tlie mineral, after being properly prepared in 
tho mortar, is to be melted in a platinum cruci- 
ble with four times its weight of dry carbonate 
of soda. After this, it should be digested with an 
excess of muriatic acid until entire decomposition 
has taken place, when we evaporate to dryness, to 
render the silica insoluble. The residue is then to 
be digested in water slightly acidulated with by- 
drochloric acid, the solution filtered off from the 
silica and very gradually, while stirring, poured 
into a hot solution of carbonate of ammonia in ex- 
cess. Alumina is thus precipitated and separated 
from the glucina, which dissolves. After digesting 
the precipitate for some time with tho solution, tho 
latter is filtered off and boiled until all the amrao- 
niaoal salt is discharged, by which the glucina is 
thrown down. 

A different method is to mix the solution, fil- 
tered off from the silica, with concentrated caustic 
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potash in excess, in whioh, on application of heat, 
both earths are entirely soluble, and then to dilute 
with water and maintain it for some time at a 
seething temperature, by which the glucina is pre- 
cipitated, the alumina remaining in solution. This 
we precipitate with ammonia, after slightly acidu- 
lating the solution with hydrochloric acid, and 
heating with chlorate of potash, to remove the 
organic matter occasioned by the dissolving of 
minute particles of the filter. 

To remove the large quantity of chloride of so- 
dium we may also precipitate both earths with 
caustic ammonia, and only after washing treat 
them with carbonate of ammonia or caustic potash. 

LXXni. — CLAY, ARGILLITB. SILICA, ALUMINA, AND 
WATER, FREQUENTLY WITH ADMIXTURES OF POT- 
ASH, MAGNESIA, OXIDES OIT IRON AND MANGA- 
NESE, FELSPAR, SAND, AND OTHEKS. 
The amount of water we ascertain by drying 
the clay at 212° 5'ah., heating to redness, and 
weighing again. Organic matter, if present, is 
also thus discharged in vapor. 

The clay should he heated with concentrated 
sulphuric acid, most of the acid driven off by eva- 
poration, and then hydrochloric acid added, and 
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heat applied, to dissolve all except the silica, 
ivhlch is removed hj filtration. 

If the clay contains sand or felspar, the silica 
should he dissolved in a boiling, concentrated solu- 
tion of carbonate of soda, while the sand and fel- 
spar remain. 

The muriatic solution should he considerably 
diluted, and gradually saturated with carbonate of 
soda, as in Art. LXX., so that peroxide of iron 
and alumina are precipitated, while the bicarbon- 
ates of limo, magnesia, and manganese remain in 
solution. The separation of peroxide of iron from 
alumina, has been given in Art. XIX., and that of 
the other bases from one another in Art. XVIII. 

We may also analyze the clay by melting it 
with three times its weight of an anhydrous mix- 
ture of four parts of carbonate of potash, and 
three of carbonate of soda, and then dissolving the 
whole in diluted hydrochloric acid, evaporating to 
dryness, dissolving again in hydrochloric acid, and 
filtering off the solution from the silica. 

The separation of the various contents of the 
solution is performed as above. 

For determining tho amount of alkali, a sepa- 
rate quantity of tho clay is melted with hydrate 
or carbonate of baryta, and treated as in Art. 
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LXVIII., the baryta and other basea being hero 
also removed from the solution, by precipitating 
■with caustic ammonia and carbonate of ammonia- 
After slightly warming the precipitate, the solu- 
tion is filtered off, evaporated, and the residue, 
heated to redneaa, when chloride of potassium or 
of sodium remains. 

I.XXIV, — COMMON LIMESTONE, CEMENT,, OR MOEl'AR, 
AND MARL ; C0KSI8TINH OP CARBONATES OP LIME, 
MAGNESIA, IRON, MANGANESE, WITH ALKALINE 
CLAY AND PHOSPHATE OF LIMB. 

For the detection of aUcali, large pieces of the 
substance, if carbonate of lime predominates, are 
heated to an intense white heat for half an hour, 
by which the clay contained in it, and in which 
the alliali occurs, is decomposed. 

After this, we reduce the compound to a fine 
powder, and macerate in water. To the solution, 
we add a little carbonate of ammonia, evaporate, 
and filter off the calcareous precipitate ; then satu- 
rate with hydrochloric acid, evaporate to dryness, 
and heat the remaining chloride of potassium or 
of sodium to a moderate red heat. If both are 
present, they should be separated as in Art. I,, by 
chloride of platinum. 
15 



Healed byGoogIc 



170 A MANUAL OP 

The quantity of water of crystallisation is deter- 
mined by heating to redness a portion of the sub- 
stance (previously dried at 212°, to drive off the 
atmospheric moisture — for it is very hygroscopic 
— and weighed immediately afterwards) in a glass 
tube. The water is then either ascertained by the 
loss, or by weighing in a chloride of calcium tube, 
attached to the other end, and the original weight 
of which is known. 

To ascertain the carhonic acid, two methods 
exist- The most simple one is to place a new por- 
tion of the compound in a weighed vial, and to 
pour nitric acid, of a Icnovm quantity, over it. The 
loss is then carbonic acid. 

A second plan is to melt a weighed portion of 
the lime, or marl, with exactly four times its weight 
of borax-glass («. e. lorax previously molten to 
form a slag, or glass) in a platinum crucible. In 
this manner, all the carbonic acid is driven off, but 
also all the water, and it is, therefore, necessary to 
deduct the previously ascertained weight of this 
from the total amount of the loss. 

To separate the elay, another well-ground por- 
tion of the substance is employed. This should be 
digested with very dilute nitric acid, and thus the 
carbonates and the phosphate of lime dissolved, 
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wliile the clay is left, which is to be filtered off, 
heated to redness, and weighed. We may then 
farther investigate its properties as directed in the 
last article. 

The treatment of the solution, and the isolation 
of its ingredients is effected as in Art. XXIII. 

LXXV, — FLUOR-SPAB. 

This mineral is simply fluoride of calcium, with 
occasional and varying adulterations of iron, alu- 
mina, &c. Wenzel, in his chemical investigations 
of fluor-spar, Dresden, 1783, gives as its composi- 
tion, 

Fluoric acid . . . 32.50 
Lime .... 56.67 
Iron and alumina . . 10.83 

100.00 
While Richter found it to contain 

J"luoric acid . . . 34.85 
Lime .... 65.15 

100.00 
To determine the amount of fluorine, ive may 
either do so indirectly, by first ascertaining the 
quantity of lime, and then calculating how much 
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of the fluorine is necessary to convert that into 
fluoride of calcium ; or directly, by the loss occa- 
sioaed when the mineral is dissolved in sulphuric 
acid, as in this manner all the fluoric acid is 
evolved ; or as directed in the following article. 

For the first process, we dissolve in sulphuric 
acid, the only acid in which the mineral is pro- 
perly soluble, when fluoric acid is discharged in its 
gaseous form. From the solution, oxalic acid will 
precipitate the lime alone in the shape of the oxa- 
late, convertible into the carbonate, hy heating to 
redness. This contains 56 per cent, of calcium, 
and it ia then necessary to calculate the amount 
of fluorine required to transform the lime into 
fluoride of calcium, which is composed of 
Calcium . . 51.48 
Fluorine . . 48.52 

100.00 
The filtrate produced after precipitating the 
lime, contains all the other ingredients of the min- 
eral, such as iron and alumina, and these are sepa- 
rated as in Art. XIX. 
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LXXVI. — TOPAZ. 

2{Al,FJ + 5(AI,03,SiO,). 
Von Kobel lias given the above fornmla for the 
pure composition of this mineral, though it also 
freqaentlj contains peroxide of iron. The amount 
of this, however, varies very materially. Accord- 
ing to Berzeliua, a yellow specimen from the 
Brazils, contained. 

Silicic acid . . 34.01 
Alumina. . . 58.38 
Fluoric aeid . . T.79 

100.18 
On exposure to an intense white heat, the topaa 
loses all its Suorine in the shape of terfluoride 
of silicon (SHO + SiFJ. 

By melting the carefully pulverized mineral with 
four times its weight of carbonate of soda, it is 
prepared for further treatment, and at the same 
time fluoride of sodium formed, which water will 
extract. It ia, however, necessary, before filtering 
— and thus removing the silicate of alumina, which 
may also contain iron — to add a little carbonate of 
ammonia to the solution, and digest, and thua to 
15* 
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precipitate a small portion of soluble alumina and 
silicic acid. 

The residue is then to be removed by iiltration, 
thoroughly waahed, decomposed hj hydrochloric 
acid, and treated as has been directed in the analy- 
sis of natrolite or mesotype. 

The alkaline filtrate should he concentrated by 
evaporation, and then, being placed in a platinum 
dish, mixed with a small excess of hydrochloric acid, 
and set aside in some warm spot for twenty-four 
hours, to expel the carbonic acid from the carbon- 
ate of soda. After that, an excess of pure ammo- 
nia is added, the whole poured iato a vial, which 
admits of being closed, and in this, mixed with a 
solution of chloride of calcium. AH the fluorine is 
thus precipitated as fluoride of calcium. After 
giving sufEcient time for this to collect and settle 
in the closed vial, wo should decant the lir(uid por- 
tion, and add pure water, which is again to be 
poured olT, and then filter, and" wash, dry, and heat 
the precipitate to redness. 

The result thus produced is only an approximate 
one, aa some of the fluorine is retained by the 
alumina. 
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LXXVir, — DATOLITB. 



Professor Rammelsberg has analyzed this mine- 
ral from Arendal, in Sweden, and from Andreaa- 
berg, on the Hartz Mountains, in Germany, and 
ascertained ita contenta to be the following : — 



Silica . . 37.620 


38.477 


Lime . . 35.398 


36.640 


Boracic acid 21.37T 


20.315 


Water . . 5.705 


5.568 



From the mean of these, and other analyse 



Silica . 4 atoms = 2309.24 = 3T.910 

Lime . 6 " = 2136.12 = 35.068 

Boracic acid 3 " = 1308.60 = 21.482 

Water . 3 " == 337.44 = 5.540 

6091.40 100.000 
A variety of the datolite> termed Botryolite, oc- 
curring in the Kjenlie mine near Arendal, which 
differs only in possessing twice as much water, ac- 
cording to the same authority, contains : — 
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Silic* . . 


36.085 


Lime . 


35.215 


Boraeie acid . 


19.340 


Water . 


8.635 



99.275 
The calculated composition therefore is : — 
Silica . 4 atoms = 2309.24 = 35.920 
lime . 6 " = 2136.12 = 33.227 
Boracic acid 3 " = 1808.60 = 20.355 
Water . 6 " = 674.88 = 10.498 



6428.84 100.000* 
To ascertain the amount of water, a weighed 
portion of the mineral should be exposed to an in- 
tense red heat. 

For the farther analysis, a different portion is to 
bethoroughly.reducedto powder, digested with hy- 
drochloric acid, and afterwards the temperature 
increased nearly to the boiling point, so that on 
cooling the whole is converted into a gelatinous 
mass. The silica, after first having been rendered 
insoluble, is then removed by filtration, washed 
with hot water, heated to redness and weighed. 
Ammonia in excess is next added to the solu- 

• Eammelaberg, MandiOorterbuch. d. Chem. Min. Tol. J. 
pp. 186-188. 
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tion, and the lime, together with a little silica, pre- 
cipitated either with oxalic acid or oarhonate of 
ammonia. 

The solution, filtered off from this, should be 
evaporated to dryness, while during that process a 
little ammonia is repeatedly added, to avoid the 
evaporation of boracic acid. When the saline 
mass has become perfectly dry, it should be care- 
fully heated until the ammoniacal salts are driven 
off, when pure boracic acici remains, the weight of 
which, however, is always somewhat deficient. 

By dissolving the boracie acid in water, a slight 
admixture of silica may be extracted. 

The quantity of boracic acid is more accurately 
to be ascertained by the loss; and to do this, wo 
first, as above, extract the silica, then neutralize 
the filtrate with ammonia, and precipitate with 
carbonate of ammonia, when, as above, the lime is 
procured. The loss is boracie acid and water. 

LXXTnl. — ZIRCON AND HYACINTH ; CHIEFLY SILI- 
CATE OF ZIEOOSIA. 

Professor Rammelsberg, of Berlin, gives the fol- 
lowing as the calculated composition of zircon and 
hyacinth, deduced from various analyses, some of 
which are given below. 
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EXPAILIiY, 
FROM CEYLON. IN AUTESQNB. 

^on. Hyacinth. Hjadnth. 

,6.5 25.0 33.S 



iirconia 



69.0 70.0 66.7 

Perox. of iron 0.5 0.5 — 

"96^ 95^5 100^ 

Klapeoth. Behzelius. 

To Klaproth, formerly a professor of cheiniatry 
at Berlin, the merit is due of having discovered 
Zirconia, A. D. 1789. 

For the analysis, we should carefully select the 
purest pieces of crystals, and heat them to red- 
ness, by which they lose their color. After pul- 
verizing, the finest powder is washed out from the 
coarser particles, and melted with four times its 
weight of carbonate of soda, in a good fire. The 
mass is then digested with water, which dissolves 
the silicate of soda formed, and leaves as a crystal- 
line powder, a combination of zirconia and soda. 
After filtering and washing, the residue is to be 
covered with concentrated hydrochloric acid, and 
the salt dissolved in water, when the zirconia 
should he precipitated by ammonia. 
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According to Vanuxem, the zircon of North 
Carolina contains : — 

Silica 32.08 

Zirconia 67.07 

99.15 
LXXIX.— THORITE AND THORINA. 
Eerzelius analyzed this mineral from Loev-oen, 
near Brevig, in Norway, and in it discovered a new 
earth, thorina, which has not been found to exist 
in any other compound. His analysis gave, as the 
composition of thorite : — 

Silica 18.98 

Thorina 57.91 

Lime 2.58 

Peroxide of iron . . . 3.40 
Peroxide of manganese . . 2.39 
Magnesia .... 0.36 

Oxide of uranium . . . 1.61 
Peroxide of lead . . . 0,80 
Peroxide of tin ... 0.01 

Potash 0.14 

Soda 0.10 

Alumina 0.06 

Water 9.50 

Insoluble powder . . . 1.70 
99.51 
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Rammelsberg quotes the process adopted by 
BerzeliuB in the analysis of this complicated mi- 
neral,* the translation of which is given here. 

"A part of the mineral, in the shape of a coarse 
powder, was heated to redness in a little retort, 
and the water thereby discharged collected in a 
chloride of calcium tube. The loaa showed that 
some other ingredient had been discharged as 
vapor. 

" The well-pulveriaed mineral (not submitted to 
a red heat) was sufficiently moistened with hydro- 
chloric acid, when some chlorine was evolved. On 
applying heat the mass became gelatinous. It was 
then evaporated to dryness. On redissolving it, the 
silica was left insoluble, and by boiling this with a 
solution of carbonate of soda it was separated 
from some nndeeomposed mineral and quartz. 

" The filtrate from the silica residue was precipi- 
tated with caustic ammonia, and the filtrate from 
this again by oxalic acid, and thus the lime thrown 
down. By heating to redness this was converted 
into the carbonate, and then freed from a little 
peroxide of manganese by dissolving in hydrochlo- 
ric acid, and adding first some bromine water and 
then ammonia. 

* Bam. SandwHrterliiKft. d. Cheni. Min. vol. ii. p. 213. 
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" The solution, after removing tlie oxalic precipi- 
tate, was eyaporciteii to dryness, the sa,l-ammoniac 
driven off, and tho residue treated ivith water, 
which left insoluble magnesia. 

"The aqueous solution, onbeing evaporated, gave 
a mixture of chlorides of potassium and sodium, 
which were separated hj chloride of platinum. 

"The precipitate, produced above by ammonia, 
was dissolved ia hjiJrochloric acid, when hydro- 
sulphuric acid gas gave a black precipitate in the 
diluted liquid. This was oxidized with nitric acid, 
and then evaporated with some sulphuric acid, 
until the surplus acid was driven off. On treating 
the residue with water a solution was obtained, 
from which ammonia precipitated peroxide of tin, 
while the remainder consisted of sulphate of lead. 

" The solution, from which the lead and tin were 
removed by sulphuretted hydrogen, was reduced 
to dryness, and water allowed to act upon the 
residue, when some silica remained insoluble. The 
solution was boiled with an excess of caustic pot- 
ash, hy which a small proportion of alumina was 
found to be dissolved. 

" The portion precipitated by the potash, on 
being dissolved in hydrochloric acid, left some per- 
16 
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oxide of manganese, which contained traces of per- 
oxide of iron and alumina, 

" The muriatic solution was neutralized with 
ammonia, concentrated by evaporation, and mixed 
with sulphate of potash, which wa3 added until 
enough was dissolved to saturate the solution. A 
precipitate of potassio-sulphate of thorina was 
produced, which was -washed with a solution of 
sulphate of potash, dissolved in almost boiling 
water and rcpreeipitated with potash. The pre- 
cipitate was the thorina, containing a trace of 



" The solution, from wliieh the potassio- sulphate 
of thorina had been removed, was precipitated by 
potash and the precipitate treated with carbonate 
of ammonia. The insoluble parts were a mixture of 
the peroxides of iron and manganese, which were 
separated in the common way hj succinate of am- 
monia. 

" The solution in carbonate of ammonia was eva- 
porated to dryness, and the residue digested with 
dilute acetic acid, which extracted the oxide of 
uranium. This was precipitated by ammonia, and 
heated to redness. 

"The portion left by the acetic acid was of a 
yellowish-hrown color. With hydrochloric acid it 
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gave a colorless solution, in ■which tartaric acid, 
ammonia, and hydrosulphate of ammoninm showed 
the presence of iron, while the solution, after pre- 
cipitating that and then evaporating, and heating 
the residue to redness, left some thorina." 

From the formation and emission of chlorine 
gas on dissolving the mineral, we deduce that iron 
and manganese are present in the shape of per- 
oxides. 

Berzelius considers the thorite as a mixture of 
hydrated silicates, in which the chief ingredient is 
a silicate of thorina, consisting of one atom of sili- 
cic acid to three of thorina, and of which this 
mineral contains 71.6 per cent. 

LSXX. — miPnYLINE, 'lETRAPHYLINE,* PETALITE, 
AND SrODUMBNB. 

The following analyses of the Triphyline and 
Tetraphyline are given by Rammelsberg, the first 
from Bodenmais hy Fuchs, the second by Berzelius 
and Nordenscioeld, of a specimen of the latter 
variety from Keiti, in Finland, 

* Named by Nordenaoioold. 
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103.2 



Phosphoric add . 41.47 
Protoxide of iron . 48.57 
Protoxideofmanganese 4.70 
Lithion . . . 3.40 
Silica . . . 0.53 
Water . . . 0.68 

99.35 

The thoroughly pulverized mineral should be 
dissolved in hydrochloric acid, the solution hoiled 
■with nitric acid, and all the oxide of iron and 
phosphoric acid precipitated with ammonia. After 
precipitating the manganese from the filtrate, with 
hydrosulphate of ammonia, the solution is evapo- 
rated to dryness, and the remaining salts heated 
until all the chloride of ammonium is driven off. 
The residue is chloride of lithium. (LCI) soluble in 
alcohol. 

In analyses, as for example, of Petalite or Spo- 
dumene, where we wish to separate the chlorides 
of lithium and sodium, wo macerate the dried com- 
bination of the two in an anhydrous mixture of 
alcohol and ether, which extracts the lithion salt. 
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LXXXI. — CBRITE AH» OCHROITB ; SILICATES OP 
CKRIUM, LANTANIUM, AND DIDYMIUM. 

The finely pulverized cerite is moistened con- 
siderably witli concentrated sulphuric acid, and 
digested with it, some drops of nitric acid being 
added, to oxidize the very common admixture of 
Bulphuret of bismuth. 

The whole is then to be macerated in cold water, 
■without applying heat during the process, until tho 
sulphates are dissolved. After removing the silica 
from the solution, tho latter, if too much diluted 
by the washings, should be concentrated and mixed 
with a seething-hot, concentrated solution of sul- 
phate of potash, and with it left to cool. By this 
all the three bases are precipitated as bisulphates, 
while iron, &c., remains in solution. The precipi- 
tate is then to be separated from the liquid por- 
tion by filtration, and washed with a saturated 
solution of sulphate of potash. Into the filtrate, 
eomo crystals (crystalline crust, or sediment), of 
sulphate of potash are placed, and by that some 
remaining portion of the double salt is precipi- 
tated. 

The bisulphates produced in this manner, should 
16* 
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1)6 disaolved in seething water, hydrochloric acid 
being added. The bases aro then to he precipi- 
tated from the hot solution hy an excess of caustic 
potash. 

After heating to redness, they form a cinnamon- 
colored powder. By digesting in concentrated 
sulphuric acid, and converting them into a salt, this 
gives a yellow solution with water, from which sul- 
phate of potash will throw down a lemon-colored 
mixture of double salts. 

If the brown oxide of cerium is macerated in 
water, to which, as it becomes saturated, we add 
nitric acid, drop by drop, the greater part of the 
oxide of lantanium ia extracted. This ia precipi- 
tated by carbonate of ammonia, and on heating to 
redness, becomes almost entirely white. 

The manner of isolating these three metals is 
not yet perfectly known, and the didymium is at 
present not even fully described. In the analysis 
of the cerite they are, therefore, not all of them 
separated, as is seen from the following analysis 
by Hermann : — 
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Cl^r^omc acid 


4.62 


giliCi. . . . 


16.06 


Protoxide of cerium 


26.65 


Peroxide of lantaiiium 


33..38 


"Water . 


9.10 


Alumina 


1.68 


Peroxide of iron 


S.5S 


Lime 


3.58 


Peroxide of manganese 


0.27 


Copper 


Trace 



98.75 
It ehoulii be remarked that the specimen here 
examined was considerahly adulterated by calcspar, 
from wbich the whole of the carbonic acid origin- 
ated.* Klaproth has analyzed another occurrence 
of this mineral, for which Hermann proposes the 
name of ochroite. It contained : — 

Silica . . . . 34.50 
Protoxide of cerium . 50.75 

Peroxide of iron . . 3.50 

Lime .... 1.25 

Water .... 5.00 



95.00 



* Eanimelsberg's Hmtdwihch. d. Chein. Min. supplement. 
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This mineral BerzoHus considers as consisting, 
in its purest form, of one atom of silica, three 
atoms of protoxide of cerium, and three of water.* 

LXXXII. — CHROMATED IKON. 

Bertliicr has analyzed a specimen of this min- 
eral from the Bare Hills, in Maryland, and gives 
his result as : — 



Oxide of chromium . 


61.6 


Peroxide of iron 


36.0 


Alumina . 


10.0 


Silica . 


3.0 



99.6 
1. For the qualitative investigations only, the 
well-pulverized mineral is mixed witli an equal 
proportion of nitre, and as much carbonate of pot- 
asli, and exposed for at least half an hour to an 
intense red heat. On cooling, the chromate of 
potash formed is extracted by water. 

The residue, consisting of oxide of iron, alumina, 
and magnesia, is to be dissolved in hydrochloric 
acid, when generally some undecomposed mineral 
remains undissolved. The three oxides are sepa- 
rated as below. 

* Barnmelsb erg's Mandwibcli. d. C/iem. Min. vol. i. 146. 
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The solution of ehr ornate of potasli commonly 
contains a little alumina, silica, and manganic acid; 
to precipitate which, it is necessary to mix it with 
carbonate of ammonia, and boil. 

To produce bichromate of potash from the solu- 
tion, this is mixed with an excess of nitric acid, 
concentrated by evaporation, and set aside for the 
salt to crystallize. 

To precipitate chromato of lead, the solution is 
mixed with acetic acid in excess, and acetate of 
lead added. 

To procure the chromium from its solution, in 
the shape of sesquioxide of chromium, the liquid 
ought to he more than saturated with sulphuric 
acid, when a sufficient quantity of sulphurous acid 
is added, to convert the color into an emerald green. 
The temperature of the solution is then elevated 
almost to boiling, and the sesquioxide of chromium 
precipitated by caustic ammonia, washed and 
heated to redness. 

A second method, to produce this compound, is 
exactly to saturate the yellow solution with nitric 
acid, and then to precipitate the chromic acid with 
nitrate of mercury (protoxide). After washing on 
the filter, drying and heating to redness, the yel- 
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lowiali red chromate of mercury (protoxide) leaves 
pure green aesquioxide of chroraiuni. 

2. For the quantitative analysis, the mineral, ex- 
ceedingly carefully pulverized, is melted witli four 
times its ■weight of bisulphate of potash in a plati- 
num crucible. It is necessary to take the greatest 
precaution that no portion of the mass is thrown 
out and lost by the ebullition, produced on first 
applying heat. By degrees the temperature is in- 
creased to a red heat, and the mixture maintained 
in a redhot fluid state for some time. 

The salts formed are hardly soluble in water, and 
it is, therefore, necessary to convert the sesquioxide 
of chromium into a chromatod alkali, which ia 
effected by spreading about a double quantity (in 
volume) of a mixture of equal parts of nitre and 
carbonate of soda, over the mass, previously al- 
lowed to cool in the crucible, and to apply heat 
until a perfectly fluid state is produced. 

After this again has become cold, the chromate 
of potash is extracted with water, and the residue 
of peroxide of iron, alumina, magnesia, and silica 
washed out completely, dissolved in concentrated 
hydrochloric acid, and treated as in Art. LXX. 

The aqueous solution of chromate of potash 
should be mixed with an excess of hydrochloric 
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add, and brought to a seething heat, while, at the 
same time, alcohol is added, drop by drop, until 
the liquid assumes an emerald green color, when 
the sesquioxide of chromium is precipitated by 
caustic ammonia, and, after heating to redness, 
weighed as such. The scsquioxide of chromium 
contains 0.68645 parts of chromium, and one part 
of the oxide is equal to 1.31355 of chromic acid. 

I.XSXIII. — NATURAL CHEOMATB OF LEAD, AND 
CHROME YELLOW OF COMMERCE ; OR, CHKOMATB 
05 LEAD, WITH FREQUENT ADMIXTflRBa OE WHITE 
CLAY, CARBONATE OF LIME, AND SULPHATES OP 
BARYTA, LIMB, AND LEAD. 

Bcraelius has published the following analysis of 
pure natural chromate of lead, in Schweigger's 
Journal of Natural Phihso^Tiy . and OhemiMry 
(published in Nuremberg and Halie, Germany), 
vol. xxxir. p. 72 : — 

Oxide of lead . . . 68.50 
Chromic acid , . . 31.50 

100.00 
showing that there is one atom of each, so that the 
calculated composition is, 
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Oxide of bad . . . 68.15 
Chromic acid . . . 31.85 



It is hardly necessary, after stating this, to re- 
mark, that pure chromate of lead should give in 
its analysis almost exactly the same result as that 
deduced from the formula PhO,Cr03. 

To analyze it, the compound should be digested 
with a mixture of fuming hyi5rochloric acid and 
alcohol, by which a green solution of chlorate 
of chromium is produced, while the lead remains 
as an insoluble white powder of chloride of lead. 
The latter ia to he collected on a filter, dried at 
212°, and washed with alcohol. After diluting 
the filtrate with water and evaporating the alco- 
hol, the sesquioxide of chromium is to he precipi- 
tated from the seething solution by ammonia, and, 
after heating to redness, weighed, as in the last 
article, q. v. 

In analyzing a chrome yellow, adulterated by 
the substances mentioned in the heading of this 
article, it is necessary to hoil it repeatedly with a 
large quantity of water, thus to extract the gyp- 
sum (sulphate of lime). 

The washed residue is then to be digested in 
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very dilute nitric acid, until effervescence is no 
longer produced. By this tiio carbonate of lime 
ia extracted. 

After ivashing agaiii, the residue should be di- 
gested in somewhat concentrated tartrate of ammo- 
nia, containing an excess of the alkali. The sul- 
phate of lead is thus dissolved, and can be preci- 
pitated from its solution by salphuret of potassium 
or chroraate of potash. 

A mixture of chromate of lead, sulphate of 
baryta, and clay remains. This ia treated with 
hydrochloric aeid and alcohol, and the chloride of 
lead, thus formed, separated from the baryta salt 
and clay by boiling mth water, 

The mixture of the two latter ia heated with 
concentrated sulphuric acid until most of the sur- 
plus acid is driven off, when the sulphate of alu- 
mina ia extracted by water, and the alumina pre- 
cipitated from the filtrate by ammonia. 

To extract the silica from the remaining mixture 
of that substance with sulphate of baryta, the 
whole is boiled with a concentrated solution of 
carbonate of soda, from which, after filtering, 
chloride of ammonium will precipitate the silica. 
17 
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LXXXIV. — TUNGSTATE OF IRON, 

The composition of this mineral without tlie ca- 

suEil admixtures, is, according to Rammelsberg : — 

Tungstic acid . . . 7T.09 
Protoxide of iron ■ . 17.11 

Protoxide of manganese . 5.80 

100.00 
Oxide of tin and silica sometimes occur in it as 
impurities, 

1. Qualitative Analysis and Pr&paration of 
Tunggtio aeid. 
Tho pulverized mineral is to be digested witli a 
mixture of four parts of concentrated hydrochloric 
acid, -with one of niti'ic, until it is converted into 
a yellow powder of tungstic acid. This is to be 
collected on a filter, washed, dissolved in caustic 
ammonia, and the solution filtered and allowed to 
crystallize by evaporating. After heating to red- 
ness with access of atmospheric air, the salt will 
leave pure yellow tungstic acid, 

A second plan is to mix six parts by weight of 
the well-ground mineral with three of carljonate of 
potash and one of nitre, and thus to expose it t-o a 
red heat for the space of half an hour. After it 
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Las become cold, -water will extract the tungstate 
of potash formed. 

From this solution the tungstie acid may he pro- 
ciored in three different ways. 

One method is to neutralize the solution lyitli 
nitric acid, and add nitrate of mercury as long as 
a precipitate is produced. The salt thus thrown 
down is washed out oh the filter, dried and placed 
in a glass retort, when the mercury is distilled off, 
while pure tungstie acid is left. 

Another plan is to neutralize the solution with 
chloride of calcium, to wash the tungstate of lime, 
thus precipitated, and then to boil it in hydrochlo- 
ric acid, when, after filtering and drying, pure 
yellow tungstie acid remains. 

A third method is to add to the solution twice 
as much powered sal-ammoniac as the carbonate 
of potash previously used, to evaporate to dry- 
ness, place the mixture in a crucible, cover it 
with a layer of table-salt, and to apply heat until 
no more vapors of sal-ammoniac are emitted, when 
the temperature is increased to redness. On ma- 
cerating the mass in water, black .crystalline oxide 
of tungsten remains, which should be leached, and 
by heating to redness, while exposed to the action 
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of the atmospheric air, converted into tungstic 
acid. 

2. Quantitative Analysis. 

In the quantitative analysis of the tungstate of 
iron, we digest the washed mineral powder in a, 
mixture of four parts of concentrated hydrochloric 
acid, and one of nitric acid, until it has become 
entirely decomposed, when the solutipn is evapo- 
rated — towards the end of the process in a water- 
bath — to dryness, and tho chloride of manganese 
and chlorate of iron dissolved and filtered off. 
Tungstic acid remains, and is washed out with al- 
cohol, heated to redness and weighed. 

From the diluted (with water) solution of the 
basic oxides of the two metals, the alcohol is first 
removed; they are then separated, as in Art. 
XVIII. They generally also contain some lime. 

If tho tungstic acid contain silica, the amount 
of this may be ascertained by dissolving tho former 
in ammonia. 

A second method for the quantitative analysis 
is the followmg : — 

Six parts of the washed mineral are heated to 
redness in a platinum crucible with four of carbo- 
nate of potash and one of saltpetre. Tho mixture 
is then macerated in water, and the remaining 
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oxides are carefully washed; after whieli the solu- 
tion is to be neutralized with nitric acid, and the 
tuTigstic acid precipitated from it by nitrate of 
mercury, to effect which it is necessary, towards 
the end of the process, to neutralize the surplus of 
nitric acid by a, few drops of ammonia. A black 
precipitate is produced, which ought to be carefully 
washed, and after drying heated to redness, when 
pure tungstic acid remains. This acid consists in 
a hundred parts of 

Tungsten .... 79.77 

Oxygen - . . . . 20.23 

100.00 
The mixture of the oxides of iron and manga- 
nese is dissolved in concentrated hydrochloric acid, 
when generally a small portion of tungstic and 
silicic acids are left. The two oxides are then 
separated from one another as in Art. XVIII. 

LXXXV. — TUNGSTATB OF LEAD. 
This mineral is of exceedingly rare occurrence. 
The only known locality is Zinnwald, ia Bohemia. 
According to Lampadius, formerly professor at 
the Mining Academy of Freiberg, in Saxony, it 
contains : — 

17* 
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Oxide of lead . . . 48.25 
Tungstie acid . . . 51.75 

100.00 
This mineral occurs only in very minute crystala, 
which it is necessary to remove from the matrix 
with a pair of forceps, fcefore reducing them to 
powder. We dissolvoj as in the last article, in 
aqua regia, evaporate to dryness, rcdissolve the 
lead and filter. Sulphuric acid will precipitate the 
lead from the filtrate, while the tungstie acid 
which remains is washed with alcohol while on 
the filter, dried, heated to redness and weighed. 

LXXXVI. — TUNSSTATB OP LIME. 

According to professor Eammelsberg, a fine 

yellowish red crystalline variety of this mineral, 

occurring near Hartzgerode, on the Hartsi Mts. of 

Germany, was composed of 

Limo 21.5G 

Tungstie acid . . . 78.64 

100.20 
Other varieties contain, besides those, some 

foreign admixtures, such aa silica, and oxides of 

manganese and iron. 

The analysis of this mineral is eiTected according 
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to the first method given for the quantitative 
analysis in Art. LXXXIV. The lime is precipi- 
tated with oxalic acid and then converted into the 
carbonate hy beating to rcdnoas. 

LXXSVII.— IRON PYaiTES. 
This very common mineral consists in its pure 
composition, without bringing any of the casual 
admixtures into consideration, of 

Iron 45.74 

Sulphur .... 54.26 

100.00 
being a biaulphuret of iron. This mineral, how- 
ever, rarely occurs in its perfectly unadulterated 
form. Arsenic, nickel, copper, and gold, are not 
uncommon admixtures. 

The arsenic ia very easily detected in the follow- 
ing manner. Small particles of the iron pyrites 
are placed in a little glass tube, closed at ono 
end, and held in the Same of a spirit-lamp. The 
sulphur is the first substance distilled over, pre- 
senting at the beginning the appearance of a white 
amorphous powder, which gradually deepens into 
the lemon yellow of flowers of sulphur, and still 
later, if arsenic be present, assumes a tuhp red, 
caused by the union of the two s 
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In the analysis, we first digest la nitric acid to 
convert the sulphur into sulphuric acid, dilute the 
solution, and decant it from the insoluble residue, 
which consists in part of gold, if this be present 
in the mineral. 

The solution, besides iron, contains the copper, 
nickel, and arsenic, if the iron pyrites contained 
these. They are separated as in Art. LY. 

LXXXVIII. — BISOLPHURBT OP MOLYBDBHUM. 
The composition of this mineral, as dedaeed from 
the mean of the various analyses, is, 

Sulphur . . . . 41.08 

Molybdenum . . . 58.92 

100.00 
In this calculation, the newer atomic weight of 
molybdenum, ascertained by Svaiiherg and Struve, 
has been employed. It is 575.83, whUo formerly 
the equivalent was considered to be 598.52. 

The finely pulverized mineral is placed in an in- 
clined crucible, and thus roasted at a moderate 
heat, while constantly stirring, until the odor of 
sulphurous acid is no longer perceptible. 

I'rom the roasted mineral, the molybdic acid is 
extracted by digesting with diluted ammonia. The 
solution, after heing filtered oif, is evaporated to 
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dryness; the salt rediesolyed in diluted ammonia; 
the remaining impuritiea removed by filtration, 
and all the molybdic acid precipitated from the 
slightly ammoniacal solution, by biohlorido of mer- 
cury. Tho washed and dried precipitate leaves, 
on heating to moderate redness with access of at- 
mospheric air, or in a current of oxygen, pare 
molyhdic acid, which contains 65.72 per cent, of 
molybdenum, and 34.28 of oxygen. 

LSXSES. — ANALYSIS OE PITCH-BLBNIlE, OR URCLBAV- 
ABLE URANIUM ORE, AND PREPARATION OP PURE 
PEROXIDE OF URANIUM. 

According to professor Rammelsberg, a speci- 
men of this mineral from Joachimsthal, in Bohemia, 
consisted of 

Pcrox. and protox. of uranium 79.148 

Lead 6.204 

Bismuth (eont. lead and copper) 0.648 

Iron 3.033 

Arsenic ..... 1.126 

Lime 2.808 

Magnesia .... 0.457 

Silica ' 5.301 

Water 0.362 

99.087 
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Some varieties of thh mineral have also been 
found to contain vanadic acid and selenium ; nor 
are nickel, cobalt, antimony, zinc, manganese, and 
sulphur quite uncommon admixtures. 

After reducing the mineral to a very fine-grained 
powder, it is to he digested in moderately diluted 
sulphuric acid, to wbieh, by degrees, some nitric 
acid is added. This process is continued until it 
ia in part dissolved, and in part converted into a 
white powder. After this, the chief portion of the 
surplus sulphuric acid is driven off, the mass mace- 
rated in water, and digested. On cooling, and 
after the white precipitate has collected, the solu- 
tion is to be filtered off. 

The white residue consists of silica, sulphate of 
lead, and basic sulphate and arseniato of bismuth, 
which are separated as already directed. 

The filtrate should be heated up to about 140° 
F., and while at this temperature, saturated for 
some time with sulphuretted hydrogen. While the 
current of this gas is yet passing through it, wo 
allow the solution to cool down to the temperature 
of the atmosphere, and when satisfied as to its per- 
fect saturation with the hydrosulphurie acid gas, 
cover it up and leave it thus for twenty-four hours. 
After the lapse of that time, the gas is driven off 
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by the application of moderate warmth, and the 
precipitate removed hy filtration. 

This consists of arsenic, antimony, copper, and 
a small portion of lead and bisrawth. 'Jhe rules 
for the separation of them hare heen given on a 
previous page. 

The solution, filtered ofi' from these, should he 
brought to a seething temperature, and while in 
that state, gradually mixed with fuming nitric 
acid, until all the protoxide of iron is again con- 
verted into the peroxide, and the solution itself 
has once more assumed a clear yellow color. Wo 
then precipitate with an excess of caustic ammonia, 
and collect the yellowish-brown precipitate on a 
filter. 

A part of the nickel, cobalt, zinc, lime, and mag- 
nesia (considering, of course, all these as having ex- 
isted in the mineral), remain in solution, while tho 
other portion is precipitated with the oxides of 
uranium and iron. 

After having washed tho precipitate, a hot and 
rather concentrated solution of carbonate of am- 
monia is pouroiJ over it, and heat applied until it 
has assumed tho aspect of hydrated peroxide of 
iron. The uranium has then in part been dis- 
solved, and its solution should be filtered off as 
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quickly as possible, and while it is jet ivarm. Tiio 
residue of uraniferoua peroxide of iron should be 
thoroughly washed with water, and the washings 
collected separately. 

The yellowish, or, when cobalt is present, red- 
dish-yellow filtrate, if it be sufficiently concen- 
trated, will, on bemg set aside for some time and 
allowed to cool, form a crystalline deposit of pure 
am moniaco -carbon ate of uranium, which ought to 
be collected and several times leached in cold 
water. On heating this to redness, pure dark- 
green peroxide and protoxide of uranium are pi-o- 
duced. 

The mother-lye, together with the washings, is 
carefully, and drop by drop only, mixed with hydro- 
sulphate of ammonia, as long as a hrownish-blaeli 
precipitate is formed. We then filter immediately. 

This precipitate consists of sulphurets of cobalt, 
nickel, and ainc, which are to be separated in the 
manner shown in a previous article. 

The filtered yellow solution is to be heated to a 
seething point, until almost all the ammoniacal 
salt has been evolved, and all the oxide of uranium 
is thrown down. 

The precipitate, which possesses a pure yellow 
color, and is araniate of ammonia, should be re- 
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moveci by filtration. When it begins to pass 
through the filter with a milky appearance, it is 
necessary to wasb ■with a solation of chloride of 
ammonium (sal-am mo aiae). 

By bringing this residue to a red heat, peroxide 
and protoxide of uranium are formed. By digest- 
ing it with diluted hydrochloric acid, the lime and 
magnesia may be extracted. They arc then sepa- 
rated as in Art. VI. 

To procure the oxide of uranium, chemically 
combined with the hydrated peroxide of iron, the 
latter slionld be dissolved in the emalleat necessary 
quantity of hydrochloric acid, the Bolution neutral- 
ized with carbonate of ammonia, and, while stir- 
ring it, some carbonate and hydrosulphate of am- 
monia, in mixed solutions, added in drops. By 
this, all the iron is precipitated as proto sulphur et 
of iron, while the oxide of uranium remains sus- 
pended in the solution. By boiling the filtered 
Bolution, the latter is thrown down. 

Another plan to separate the two is, to reduce 
the peroxide of iron in an atmosphere of hydrogen, 
and then immediately to let the pyrophoric mass 
fall into diluted hydrochloric acid, which dissolves 
the iron, and leaves uranium as protoxide. 

To discover the amount of arsenic, selenium, and 
18 
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vanadium in pitch- We nde, or other ores of uranium, 
the mineral should be mixed -ffith^twenty-fivo 
per cent, of a mixture of carbonate of soda and 
nitre, and thus heated to rednosa. Water mil 
then extract seleniate, vanadiato, and arscniate of 
alkali. The separation of these is treated of in 
another article. 

As seen in the analysis by professor Rammels- 
berg, it is not necessary to state the amount of 
uranium, otherwise than as a mixture of its two 
oxides, as it generally occurs in the mineral in this 
shape. Ey reducing in a current of hydrogen, 
protoxide of uranium is produced. 

XC. — riTANIAlB OF IRON. SBPAaATION OF 
TITANIC ACID. 

Varieties of this mineral, named from their 
localities, are the iserine, from the stream laer, in 
the Eiesengebirge of Silesia), which, according to 
professor Henry Rose, consists of 50.12 per cent, . 
of titanic acid, and 49.88 of protoxide of iron; 
the menaccanite from Menaccan, in Cornwall, and 
probably also the basonomelan of Von Kobell.* 

Almost all varieties of titaniate of iron contain 

* Alger'a I'hillipa'g Mineralogy [Boston, 1844, p. 378). 
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botli peroxide and protoxide of iron, though the 
porccQtago of each differs considerably even in 
specimens from the same locality, and it is owing 
to this, that various theories are current as to the 
exact composition of the mineral. This is, how- 
ever, not the place to enter upon their respective 
merits. Suffice it to say that, in giving the result 
of the analysis, it will be quite enough to ascertain 
the state of oxidation of the iron, and if both 
oxides occur, to separate them, as in Art. LXII., 
and to put down the titanium as titanic acid. 

The finely pulverized mineral sbould be digested 
in concentrated hydrochloric acid, until all the 
iron is dissolved, and the titanic acid remains 
with a pure white color. 

Or, otherwise, the mineral powder should be 
melted in a platinum crucible, with bisalphate of 
potash at a red heat, the mixed mass dissolved in 
water, the solution diluted, saturated with am- 
monia, and precipitated with hydrosulphate of 
ammonia, when a deposit of protosulphuret of 
iron and titanic acid is produced. 

When the precipitate has settled, the superna- 
tant liquid is to be decanted, and sulphurous acid 
poured over the former, by which all protosulphu- 
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ret of iron is dissolved as dithionite of iron (syn. 
bisulphito of iron), while the titanic acid remains 
white and insoluble, and, after washing with dilute 
sulphurous acid and drying, should be heated to 
redness. To discharge an amount of sulphuric 
acid, a piece of carbonate of ammonia is held in 
the crucible. 

A third plan is to heat the powdered mineral 
intensely in a current of hydrogen, and thus to 
reduce the iron which is easily extracted with 
hydrochloric acid. 

XCI.— IRON ORE CONTAINING VAHADIUM. 

To extract the vanadium, the properly ground 
ore is mixed ■with twenty-five per cent, of saltpetre 
and thus exposed to a moderate red heat for the 
space of half an hour. On cooling, the mass 
should be pulverized and boiled in water, 

The filtered solution is of a yellow color, and 
contains vanadiate, chromate, phosphate, and ni- 
trate of potash and alumina. 

Nitric acid is added to it in slight excess, after 
which it should be boiled until the nitrous acid gas 
is driven off. While yet at a seething tempera- 
ture ammonia is added, and thus the alumina pre- 
cipitated as ammoniaco-phosphate of alumina. 
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Tlie solution filtered off from this siiouW to 
mixed "with chloride of barium, which causes the 
precipitation of vanadiate, chromato, and phos- 
phate of baryta. This precipitate is to be washed 
out on the filter, and while yet moist boiled in sul- 
phuric acid until it is converted into sulphate of 
baryta. The filtrate from this contains the acids, 
and is of a yellowish-red color. It should bo con- 
centrated by evaporation and saturated by^ ammo- 
nia, when a piece of sal-ammoniac ought to be 
immersed in it. In the same measure aa the solu- 
tion becomes saturated by it vanadiate of ammonia 
is formed, and collects as a white or yellow crys- 
talline powder. When the whole of it has been 
deposited we filter, and wash with a solution of 
chloride of ammonium. By heating with access 
of atmospheric air, vanadic acid, of a blade color, 
with a shade of red, is left. A strong heat melts 
it to a red fiuid, wliich, on cooling, etiifens into a 
crystalline mass. 

From the solution which contains the chromic 
acid, this should be extracted, as directed in the 
article on chromated iron. 

Another plan for the analysis of this iron ore is 
to treat the yellow solution {produced by macerat- 
ing the mineral roasted with saltpetre) with sul- 
18* 
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phurous acid, until it has assumed a greenisli bluo 
color, then to neutralize with ammonia, ai3d hjJro- 
sulpliate of ammonia, and to lieat to a seething 
point. 

By this process, oxide of chromium and alumina 
are precipitated, -while the vanadium remains in 
solution in the shape of a snlphuret, and can be 
precipitated from the filtered solution by diluted 
Bulphuric acid. By roelting it then with nitre, it 
is converted into vanadiate of potash; from the 
concentrated solution chloride of ammonium will 
precipitate vanadiatc of ammonia, which is eon- 
verted into vanadic acid, as above. 

Vanadium is always mentioned, when stating 
tho results of an analysis, as vanadio acid. 

XCII. — TANTALIIB AND TANTALUM. 
Tantalum and tantalic acid are substances of 
which we do not at present possess a sufficient 
knowledge to separate them entirely and with ac- 
curacy from the others with which they are com- 
bined. Even the atomic weight of tantalum has 
not yet been properly decided upon, and few 
quantitative analyses, in which this element is 
isolated, can be regarded as correct. Professor 
Rammelsberg regards 2607.43 as the equivalent of 
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tantalum; while professor KocUer states it to be 
1153. T2. The difference is sufficiently marked to 
show how much all the most necessary character- 
istics of suhstance in quantitative analysis are 
hidden in mystery. 

Tantalic acid much resembles the titanic acid, 
and like this is dilEcult to dissolve ia acids. When 
united with alkalies it is soluble, and after acidu- 
lating the solution, zinc will precipitate ■white tan- 
talic acid.* 

As seen from the subjoined analysis, it is suffi- 
cient to state, in the result of the investigations, 
the quantity of metallic acids found. 

Hermann found the tantalite from Middletown 
in Connecticut to contain: — 



Metallic acids 
Oxide of tin 
TungBtic acid . 
Protoxide of iron 
Protoxide of manganese 
Magnesia 



78.22 
0.40 
0.26 

14.06 
5.63 
0.49 



99.06t 

* Kochler, Chemie in ieclin. Bezieliimg, p. 234. 
f Eammelalierg. Repcrtiirium des Ghem. This, der Min. 
Number iv. p. 219. 
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XOin. — BLACK TELLUKIUM ORB AKD TELLURIUM. 

Black tellurium consists of tellurium, load, silver, 
and sometimes gold. A variety analyzed by Klap- 
roth contained as much aa 9 per cent, of the latter, 
though, as seen from the following analysis by 
professor Gustavus Rose, a specimen from the Al- 
tai Mountains contained none, the result being : — 
Tellurium .... 38.37 

Lead 60.35 

Silver 1.28 

100.00 

Nitric acid, aided by heat, dissolves it, leaving 
gold, if that metal is present. 

The amount of tellurium, after ascertaining ita 
presence, is beat determined by the loss, as even 
in its metallic state it is very volatile at a red heat. 

Lead and silver are separately precipitated, as 
already deacribed. 

Tellurium is a very rare metal, and therefore 
one, the ores of which it will, in very few casea, be 
necessary to examine. 
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xoiv. — mud,* containing sulphuric acid and 

selenium; a mixtusb op sulpuatb of lead 

with silica, &c.; selenium, sblenurbt oi? 

mercury, and sbleniatbs and selbnites. 

tsbatment ob selenium. 

Tiio dried mass should be intimately mixed with 
about one quarter of its weight of nitre, and then 
covered with half ita weight of a mixture of equal 
parts of sulphuric acid and water, and with it 
heated until it has become perfectly white, and all 
the nitric acid has been evolved. 

We then dilute with water, and filter. The fil- 
trate contains, besides lead, iron, copper, and mer- 
cury, all the selenium in the shape of selenic and 
selenious acids. About half as much chloride of 
sodium as the mud originally contained should now 
bo dissolved in it, when we boil it down to about 
one quarter of its volume. Ey the thus liberated 
hydrochloric acid all the selenic acid is eon?ertod 
into selenious acid. 

On cooling, the liquid is poured off from tho 

* Produced by stamping and washing tho ore. Such 
selonvferous lead orca are common, for inatance, un the 
Hai'tz Mountains in Nortli Germany. 
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deposit of sulphate of potash and clilorido of 
sodium. Tho latter are then washed a few times, 
and the liqnid portion saturated with sulphurous 
acid gaa, prepared from a mixture of charcoal 
powder and concentrated sulphuric acid. 

The precipitation of the selenium is facilitated 
by digesting for a long time, and towards the end 
of the process, hoiling for about a quarter of an 
hour. This causes it to blacken and to collect as 
a dense and heavy powder. 

The filtrate from this is again to be heated to 
the seething point with raw muriatic acid, and a 
second time to be treated with sulphurous acid, in 
case it should still contain selenium. 

The selenium procured contains, besides trifling 
admixtures of lead, copper and iron, in particular 
mercury. On distilling, the former remain as 
selenurets. 

To remove the mercury, the distilled selenium is 
dissolved in aqua regia, the chief excess of acid 
evaporated off, so that no nitric acid remains, 
and the liquid saturated with carbonate of soda, 
evaporated to dryness, and the saline residue 
heated to redness to evolve the mercury. 

After dissolving again in water, we boil with 
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hydroclilorie acid, and again precipitate the sele- 
nium witii sulphurous acid. 

We maj also mix the calciued saline mass with 
about an equal- proportion of sal-ammoniac, and 
placing it in a retort, apply heat, until most of the 
chloride of ammonium is sublimated, and the 
selenium is thus reduced. 

Selenium is characterized by the peculiar odor 
of its fumes, when reduced, e. g. on charcoal by tho 
blowpipe. It strongly resembles the smell of 
horseradishes. 

XCV. — HYDROCYANIC, OR PEUSSIC AOID.* 
To ascertain the amount of hydrocyanic acid 
suspended in a solution, in an uncombined state, a 
weighed portion of the latter is mixed with nitrate 
of silver, while constantly teeping it in motion, 
until it ceases to become cloudy, and the well- 
known odor of prussic acid — which, amongst other 
things, is tho same as that of peach-kernels and 
wild-cherry leaves — is no longer perceptible. 
The precipitated . cyanide of silver should be 

* This acid might perhaps not 1)0 considered as one 
which should be mentioned in this hook. It is, however, 
one of much interest, and is freciuantly coinbinod with in- 
orgtmic bases. 
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collected on a filter, previously dried at 250°, and 
weighed, aad then itself dried at the same tem- 
peraturo and weighed, 

To ascertain the quantity of hydrocyanic acid 
in the aqua amjgdalarum amarum and aqua lauro 
cerasi, these must he mixed first lyith ammonia, 
then with a soluble silver salt, and afterwards with 
nitric acid. 

In all cases, the hydrocyanic acid should be 
weighed as cyanide of silver, the formula of which 
is AgCy, while that of hydrocyanic acid is 
HCy ; therefore, it is a matter of little trouble 
to ascertain the quantity of cyanogen in cyanide 
of silver, and from that to calculate the amount of 
prusaic acid. Cyanide of silver contains 19.42 per 
cent, of cyanogen, which consists of two atoms of 
carbon and one of nitrogen, and hydrocyanic acid 
contains 89.7 per cent, of cyanogen. All this being 
known, it is very easy to calculate for each speeiflc 
case, according to the directions given in the intro- 
duction, how much hydrocyanic acid can bo formed, 
and was so originally, from the cyanogen contained 
in a given amount of cyanide of silver, which 
amount was ascertained by the analysis. 
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XOVI. — IODIDE, BROMIDE, AND CHLOaiDE OF SO- 
DIUM,* AND IODIDE AND CHLOKIDE OF POTAS- 
SIOM. 

Nitrate of the protoxide of paHadium is mixed 
with the solution of the compounds, and thus all 
the iodine precipitated aa brownish black iodide of 
palladium. After twelve hours, the precipitate is 
collected on a weighed filter, dried over sulphuric 
acid, and weighed. 

From the filtrate, bromine and chlorine are pre- 
cipitated by nitrate of silver. The filtered and 
washed precipitate should be melted. A portion 
of it ought to he weighed off in a tube, with a bulb 
(see I'ig. 8), and then melted in a slow current of 
dried chlorine gas, until the vapors of bromine are 
no longer perceptible, and no longer any alteration 
in weight takes place. Before weighing, and thus 
ascertaining the amount of bromine by the loss, it 
is necessary that all the chlorine gas should be re- 
moved. 

A more simple plan is to pour some water and a 

* These three combinations of sodium occur, for in- 
stance, iu all sea salt. The very characteristic reaction of 
iodine with starch is too vrell known to rei^uire any de- 
scription here. 
19 
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fow drops of hydrochloric acid over the molten and 
weighed mixture of bromide and chloride of silver, 
and to lay a piece of zinc upon it. After twenty- 
four hours, the silver will be entirely reduced. It 
should be crumbled up, so to speak, washed first 
with water acidulated with muriatic acid, then 
■with pure water, and heated to redness and 
weighed. 

The difference between the equivalent of chlorine 
and that of bromine, is to the equivalent of bro- 
mine as the discovered difference of weight be- 
tween the employed quantity of chloride and 
bromide of silver, and the amount of chloride of 
silver, which the reduced silver would produce, is 
to the quantity of bromine sought. 

For example, 200 parts of a mixture of 100 
parts of chloride of silver, and 100 parts of bro- 
mide of silver, give, on reduction, 13!2.73 parts of 
silver, which would produce 176.31 parts of chlo- 
ride of silver. 

The difference between the equivalents of chlo- 
rine and bromine is 556.34, The difference of 
weights between the compounds, given in the last 
hut one paragraph, is, 23.69. Therefore, 

656.34 ; 999=23.69 : X (=41.99 bromine). 
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In the same indirect manner, the amount of 
iodine contained in a mixture of chloride of sodium 
and iodide of sodium, or bromide of sodium, may 
he ascertained. 

In a mixture of chloride and iodide of potassium 
or sodium, the quantity of iodine may also be as- 
certained, by mixing their solution with one of sul- 
phate of copper (in sulphurous acid), by which all 
the iodine is precipitated as white iodide of copper, 
which should be washed, dried at 250° F., and 
weighed. 

This treatment is also applicable in a merely 
approximative separation of iodine and bromine. 

XCVII. — PURE CHLORIDE OF SODIUM. 

To remove the inclosed water, the perfectly 
pure crystallized table saJt should be intensely 
heated. After that it should be weighed, dissolved 
in water, and the chlorine precipitated by nitrate 
of silver. The chloride of silver, thus produced, 
ought then to be treated as directed in Art. XXX., 
and weighed. 

To determine the quantity of sodium, a distinct 
weighed portion is placed in a platinum crucible, 
of known weight, and covered with concentrated 
sulphuric acid. Afterwards, slight heat is applied, 
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until all the hydrochloric acid tlius fonned is 
evolved. The superfluous sulphuric acid should he 
driven off with great care, and the residue of sul- 
phate of soda gradually heated to redness, while, 
to destroy the acid salt, a piece of carhonate of 
ammonia ia held in tho crucihle. From the weight 
of the sulphate of soda, the amount of the sodium 
is determined. 

Sulphate of soda consists of 

Soda . . . 43.64 
Sulphuric acid . 56.36 

100.00 

XCVin. — SULPHATE OJ? SODA. 

After determining the water of crystallization, 
a weighed quantity of the calcined salt should be 
dissolved in water, the solution diluted, and the 
sulphuric acid precipitated from it by chloride of 
barium. 

When, on application of slight warmth, the pre- 
cipitate has collected, it onght to be removed by 
filtration, washed with hot water, dried, and, as 
far as possible, removed from the filter. The lat- 
ter is then to be entirely burned up, and, with the 
precipitate, heated to .redness, and weighed. 

The amount of sodium is deduced from the dif- 
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fcrence of weight between the sulphuric acid in 
the sulphate of barium and the weight of the 
whole. 

XCIX. — CHLORIDE OF SILVER AND PEBPARATION 
OF rURB SILVER. 

Chlonde of silver is prepared by dissolving a 
weighed quantity of silver in nitric acid, and pre- 
cipitating with dilute hydrochloric acid. It may 
then be treated as in Art. XXX., or otherwise, by 
heating a weighed portion of the previously molten 
chloride of silver in a bulb tube (Fig. 8, p. 108), 
over a spirit-lamp, in a current of hydrogen, until 
entire reduction is produced, and weighing the 
remaining pure silver. This plan is sometimes 
adopted to prepare the pure silver required for 
the quartation of gold ore. 

Eodeman gives the following directions for the 
preparation of pure silver, for the same purpose : — 

A silver coin is dissolved in nitric acid, of mod- 
erate strength and perfect purity, and the solution 
diluted with, at least, an equal proportion of water. 
After some time has been given for the gold to 
settle — most silver, particularly the Mexican, con- 
tains more or less— the solution is to be passed 
through a double filter, and then a clear solution 
19* 
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of chloride of sodinm mixed with it. The chlo- 
ride of silver should he several times washed with 
clean water, until this can be decanted in an un- 
altered state, and without exhibiting any sign of 
the presence of copper. The chloride of silver is 
then to be reduced, by placing iron or zinc rods in 
it, and adding sulphuric acid in a sufficient quan- 
tity to cause a constant production of hydrogen, 
and in this state leaving it for a few days. When 
the process is concluded, the remainder of tho 
zinc or iron is removed, and the reduced silver 
washed first with very dilute sulphuric acid, and 
then with pure water. After that, it should be 
melted with some calcined borax mixed with pot- 
ash or nitre, and poured out into water to produce 
little granules,* as in this shape it is best adapted 
to perform its part as one of the reagents in an 
assaying office. 

C. — KAW TABLE SALT ; ROCK, OR SEA SALT. 

A weighed portion of the moist (hygrometric) 
salt is first dried for some time at 212° F., then 
covered and heated to about 5T0°, and thus the 
amount of water, both hygroscopic and of crystal- 
lization, determined. 

* Bodemsia'B Elements of Assaying (German). CkuB- 
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To ascertain the quantity of sulphuric acid, the 
Bait is dissolved in water (when some insoluble 
parts remain), the solution aciduliitcd with hydro- 
chloric acid, and precipitated with chloride of 
harium. Sulphate of baryta contains 0.34368 of 
sulphuric acid. 

The lime is determined in a different larger por- 
tion of the solution, by precipitating it with oxa- 
late of ammonia. When, aided by digesting heat, 
the oxalate of lime has collected, wo filter, heat to 
redness, and weigh, as directed in Art, VI. 

The filtrate from the lime should he concen- 
trated by evaporation, and mixed first with ammo- 
nia ajid then with phosphate of soda. The ammo- 
nia co-phosphate of magnesia should he left about 
twenty-four hours to collect and settle, when wo 
filter, wash with ammonia, and proceed as in Art. 
VI. 

The percentage of potash is generally very 
small. It is to be determined by concentrating a 
very large quantity of the solution of the salt, 
until a considerable portion of tho chloride of so- 
dium is deposited in crystals. From the mother-lye 
the potash is precipitated by chloride of platinum, 
as in Art. I. 

Bromine is detected by introducing into a large 
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quantity of the solution some chlorine gas, aildicg 
etlier, and shaking. The bromine is taken up by 
the ether, and colors it yellow. It should then bo 
saturated with ammonia. 

Iodine is discovered by mixing the mother-lye 
with a little starch, and, drop by drop, adding 
diluted chlorine water. 

Eor determining of iodine and bromine quanti- 
tatively, see Art. XOY. 

Cr. — DEPOSIT OR CRTJST PORMBD IN THE INTG- 
EIOR OF SALT VATS.* 

This substance generally contains chloride of 
sodium, sulphates of soda, lime, and magnesia, 

* Quarizius, in the work already quoted, mentions tbefol- 
lowing, with regard to this subatanee, which, in German, 
is called jyannenslein. 

" Whether the saline aolution (either sex water or pio 
duoed hy dissolving rock-salt) bo proTiouslj fieed frjm the 
foreign salts or not, a crust on the interior surface of tl o 
vat is produced by boiling. When this procca is con 
eluded, it is necessary to scrape it off as it injures tlio 
vats, and is detrimental to any future evaporiting pi jcp'ia 

"la some salt-works it is only sold as manuie anl 
sometimes even thrown away. In a leinniary point cf 
view this is, however, not advisable, as in g noial this 
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carToonates of lime and magnesia, oxide of iron, 
and sometimes, also, sulphate of potash and man- 
ganese. 

A weighed portion is nearly heated to redness, 
and in this manner the quantity of water ascer- 
tained. 

Another quantity should be pulverized, and dis- 
solved in seething water, when the carhonates of 
magnesia and lime remain insoluhlo, and are re- 
moved by filtration. They must then be washed, 
and treated as in Art. VI. Sometimes they also 
contain iron and manganese, as peroxides. 

The filtrate we mix with sal-ammoniac, and pre- 
cipitate the lime with oxalate of ammonia. (See 
Art. VI.) 

To tlie solution, filtered off from this precipi- 

depOBit, besides gypsum, silica, limo, oxide of iron, and 
dirt, contains oommon salt, Glauter salts, and chloride of 
magnesium, in considerable quantities, and may, there- 
fore, be advantageously emplojed in concentrating a poor 
saline spring or solution, as well as in the preparation of 
Glanher salts, Epsom salts, and muriatin acid. For what 
purposes, however, this crust is heat adapted, a chemical 
analysis of it can alone decide, as the original solutions, and 
hence, also, the mother-lyes, aa well as these deposits, are 
of different composition in different cases." 
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tate, we add caustic ammonia, and precipitate the 
magnesia, aa in Art. VI., with phosphate of soda. 

A third portion of the compound we dissolve 
in hot water, acidulated with hydrochloric acid, 
and throw down the sulphuric acid with chloride 
of harium. {See Art. XVII.) 

A small portion of the substance is to be dia- 
Bolved in water, containing nitric acid, and the 
chlorine extracted by nitrate of silver. (See 
Art. XXX.) 

The amount of sodium and soda is calculated 
from the loss. 

To discover the preaence and quantity of sul- 
phate of potash, a large proportion of the sub- 
stance should be ground up, and boiled with an 
excess of hydrate of baryta. The solution be- 
ing filtered, the lime and baryta are precipitated 
by a mixture of caustic ammonia and carbonate 
of the same. The solution is then filtered ofi^, 
evaporated to dryness, the residue heated to red- 
ness, and mixed with chloride of platinum. 

In this manner, also, all the soda which had 
been combined with tlio sulphuric acid may be 
obtained as carbonate. 
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CII. — COMMON SPKIHa OR "WELL WATER, MIHEBAL 

WATERS, SEA WATER, AND TEE MOTIIBR-LYE IB 

SALT-WOEES. 

It would not be compatible with tlie size and 
purpose of this volume to enumerate any of the 
results of the analyses of the many and various 
mineral springs of even the United States, which 
so materially differ from one another in composi- 
tion, and in the amount of their constituting in- 
gredients. From good analyses of aea water — 
which does not vary much, except where local 
causes, such as the proximity of rivers or large 
deposits of some more or less soluble mineral sub- 
stance may alter its character — it appears that 
the greatest proportion of salt in sea water is 3.77 
per cent, and the smallest 3.48. Sparmann, by 
vai'ioas experiments, has shown that those salts 
which give to sea water its bitter and nauseating 
taste, predominate in the portions of the ocean 
nearest to the surface, while the deeper we go, the 
more does the taste approach to that of chloride 
of sodium; in other words, become purely salt. 

In testing a mineral spring on the spot, we cannot 
expect to obtain more than a very supei'ficial idea 
of its composition, and even for that it is neees- 
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sary to reduce it in bulk. Tiio most common and 
easilj distinguisliGd ingredients are, carbonates of 
iron, limo, magnesia, and soda, cUorido of sodium, 
potash, sulphuretted hydrogen, and free carbonic 
acid gas. Before proceeding to the quantitative 
analysis, some brief directions for a cursory in- 
vestigation on the spot, may be of some service, — 
The presence of hydrosulphuric acid gas is be- 
trayed, without any farther treatment, by ita 
strong odor, resembling that of rotten eggs. — 
Carbonate of iron is already detected, if in large 
quantities, by the color of the chalybeate water, 
and also, even if in smaller quantities, by the rust- 
colored deposit produced by boiling down a por- 
tion of the water. The most delicate test for iron 
is cyanide of potash,, which, even in human per- 
spiration, can show the presence of that element. 
It produces a pink color, and, to make sure of its 
having effect, it is well to add a drop of acid. 
That this must not produce the reaction of iron 
itself, with that reagent, is a raLatter of course. — 
Lime is precipitated as an oxalate, magnesia as an 
ammoniaco-phosphate, and potash, from a greatly 
condensed quantity of the water, as in Art. I. — 
The chlorine produced by the decomposition of 
the chloride of sodium, is extracted and thrown 
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down by nitrate of silver. — The presence of soda 
is observed by evapora,ting a considerable quantity 
of the water to dryness, and afterwards pouring 
alcohol over it, and setting it on fire, when, if 
soda exist in the water, the flame will' receive a 
bright yellow color. — Free carbonic acid gas is 
detected before evaporating, by the white preci- 
pitate, formed with hydrate of lime. 

For the quantitative analysis, it is presumed 
that the operator has at disposal an indefinitely 
large quantity of water, so that, in determining 
most of the ingredients, separate portions may be 
used. For those substances which, occur in large 
quantities, littie water may,- of course, suffice, 
though for those wliich are not so abundant, a 
great deal of water must be employed. 

1. The specific gravity of the water ought first 
to be ascertained, so that we may be able to calcu- 
late how much a given quantity may weigh, and 
thus know the weight of each different portion we 
may employ. 

2. Garhonia aeid gas and hi/drosulphuria acid 
gas can only be determined on the spot by the fol- 
lowing means : the former free acid, by placing 
a weighed or measured quantity of the water in a 
bottle. This should bo capable of being closed, and 
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contain a clear mixture of chloride of lime, or, bet- 
ter, chloride of barium, witli an excess of ammonia. 
After twenty-four hours, we filter (access of at- 
mospheric air being avoided), wash with ammonia- 
cal water, and, after drying, expose the pi'ecipi- 
tate to a moderate red heat. Should the water 
contain other substances, which ammonia will pre- 
cipitate, this must not be overlooked. 



Carbonic acid . . . 22.36 
Baryta .... rr.64 



Carbonic acid . . . 71.43 
Lime 28.57 

100.00 
The sulphuretted hydrogen ia beat precipitated 
aa eeaquisulphuret of araenie, by mixing the water 
which containa it in a closed bottle or vial, with a 
muriatic solution of pure araenious acid in excess, 
giving time to collect, and filtering on a weighed 
filter. Wo then wash with cold water, dry at 
212°, and weigh. 
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BESaniSULFHUaET OF AK3ENIC. 

Arsenic .... 60.95 

Sulphur .... 39.05 

100.00* 

3. The sum total of the a&luhh matter is deter- 
mined by evaporating a known quantity of the 
water to dryness, and carefully heating the resi- 
due to 212°. If the solution contain much chlo- 
ride of magnesium, the result will be more or less 
inaccurate, as it will, in part, he converted into 
hydrochloric acid and magnesia. To avoid this, a 
weighed quantity of calcined carbonate of aoda is 
to he dissolved in the water. 

4. The carbonates of iron, manganese, lime, and 
magnesia, dissolved in the free carbonic acid, are 
obtained as a deposit, by boiling a considerable 
quantity of the water in a retort for the space of 
an hour. After filtering, the precipitate is dis- 
solved in hydrochloric acid, the peroxide of iron 
precipitated with ammonia, and protoxide of man- 
ganese, lime, and magnesia, separated as in Art. 
XVIII. 

5. The silica remains insoluble when the solid 

* Sea Frezenliis'^ Qiiaiiti/alwe CJiemical Analysis. 
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residue, produced by evaporation, is dissolved in 
water acidulated by hydrochloric acid. If the 
mineral water contain carbonate of soda, hydro- 
chloric acid should be added before evaporating. 
If it contain sulphate of lime, a corresponding 
large amount of water must be employed to redis- 
solve it. 

6. Chlorine is precipitated by nitrate of silver, 
after adding some nitric acid to the water. The 
precipitate is treated as in Art. XXX. 

7. Sromine and Iodine can only be detected in 
a very large quantity of water or in mother-lye. 
Their amount is ascertained as in Art, XCV. 

8. Sulphuric Acid is precipitated by chloride of 
barium, after slightly acidulating the water with 
hydrochloric acid. See Art. VII. 

9. Potash and Soda. — We boil the aqueous solu- 
tion down to about one-half its original volume, 
and, without filtering, mix it with an excess of 
water of baryta, and, on cooling, with carbonate 
of ammonia, by which all sulphuric acid, lime, and 
magnesia, as well as the excess of baryta, are pre- 
cipitated. The filtrate from them is to be mixed 
with hydrochloric acid, and evaporated to dryness. 
The residue, a mixture of the chlorides of potas- 
sium and sodium, is carefully exposed to a nearly 
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red heat. Potash and aoda are then separated, as 
in Art. I. 

10, Carbonate of Soda. — The water should be 
boiled for some time, and the deposit of carbon- 
ated earths removed by filtration. The filtrate is 
divided into two ei^ual parts. The one should be 
slightly acidulated with nitric acid, and the chlo- 
rine precipitated from it by nitrate of silver. The 
second portion is mixed with » small excess of 
hydrochloric acid, and evaporated to dryness. 
The residue is then heated very nearly to redness, 
dissolved in water, and the chlorine precipitated 
with solution of silver. The excess of weight of 
the last produced chloride of silver over the first, 
corresponds with the quantity of carbonate of 
soda which was present. 

11. The lime is precipitated from the filtrate 
produced in 4, h-^ oxalate of ammonia, after first 
adding some sal-ammoniac. {See Art. VI.) 

12. Magnesia. — The water filtered off from the 
lime precipitate we concentrate by evaporation, 
and, on cooling, add concentrated ammonia to it, 
and precipitate the magnesia with phosphate of 
soda. (See Art. VI.) 

13, LitJiion. — We proceed, as in 9 — the best is 
with mother-lye — add phosphate of soda to the fil- 
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trate, evaporate to dryness, ami dissolve tlie resi- 
due in the least possible quantity of water, when 
phosphate of soda-lithioii remains. 

Or we add an excess of carbonate of soda to 
the mother-lye, evaporate to dryness, macerate the 
residue in hot water, add phosphate of soda to the 
filtered solution, and again evaporate to dryness. 

14. Strontia should be sought for in the depo- 
sit, or ochre produced in calcareous waters. 

15. I'hospJioric Acid and Phosphates. — A large 
quantity of water is boiled down and reduced very 
mnch in bulk, and then mixed with ammonia. The 
precipitate is removed by filtration, dissolved in hy- 
drochloric acid, and re precipitated with ammonia. 
The phosphoric acid is to be determined in it, as in 
Art. XXIII. 

16. An&nie Add, combined with lime or iron, 
may also be found in the calcareous deposits of 
some waters. The apparatus of Marsh is em- 
ployed. {See Appendix.) 

17. Fluorine, as fluoride of calcium, also oceurs 
in some deposits, as well as sometimes in the last 
ammoniacal precipitate of 15. A portion of this, 
after being dried, should be placed in a crucible, 
and moistened with concentrated sulphuric acid, 
and, by means of a plate of glass covered with 
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wax — which is removed on some places by a 
pointed piece oi: wood, i. e. engraved — tested for 
fiuorine. 

cm. — SOILS. 

The cooimon ingredients, hut which change very 
much in quantity, are salts of chlorine, sulphurio 
acid, phosphoric acid, silicic acid, carhonic acid, ni- 
tric acid, with potash, soda, ammonia, lime, magne- 
sia, alumina, protoxide of manganese, protoxide of 
iron, beside quartz sand and organic matter, con- 
sisting of the remains of plants, and the products 
of their decomposition, the humic compounds. 

A portion of those substances are soluble in 
water. 

Others are insoluble in water, but soluble in di- 
luted acids, as, for example, the carbonates and 
phosphates of lime and magnesia. 

The remainder are insoluble, even in diluted 
acid. To these helong the quartz sand, and the 
particles of felspar, mica, and hornblende, origi- 
nating from the disintegration of rocks. 

The soil to be examined should be taken from 
different parts of the field or surface of the 
ground; then crumbled up, dried in the air, and 
thoroughly mixed up together. 
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It is moat convenient to use different portiows of 
the earth for the determination of most of the 
separate component parts. 

1, Water. — A weighed quantity of the air-dried 
earth should be dried at 212°, until no longer any 
change in the weight takes place. In this manner 
the hygroscopic moisture is determined. 

To ascertain the quantity of chemically com- 
bined water existing, for instance, in the salts and 
in the clay, the soil might be heated up to 400° or 
560°, by which, however, the ammonia is also lost. 

2. Organic Matter. — The dried soil should be 
heated to rodnesa, then moistened with carbonate 
of ammonia, and again exposed to an almost red 
heat. The diminution of weight shows the whole 
amount of the burnt organic matter, including 
ammonia and nitric acid also, 

The quantity of nitrogeniferous organic matter 
can only be accurately ascertained by an elemen- 
tary analysis, the amount of ammonia and nitric 
acid in the soil being then also brought into con- 
sideration. 

Certain organic substances, such as fats and 
resins, can only be extracted from the soil by 
means of hot alcohol or et!ier. 

The huniic compounds are capable of being se- 
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parated from the rest by boiling the soil with a 
solution of caustic potash. From the filtered 
brown solution they are extracted, though not en- 
tirely, as a brown precipitate, by saturating with 
hydrochloric acid. 

3. Ammonia. — The soil is distilled with a solu- 
tion of caustic soda, and the ammonia collected 
and determined, as in Art. II. 

4. Nitrie Acid. — We must be satisfied with a 
merely qualitative detection. The earth should be 
macerated in water, and the solution produced, fil- 
tered, and concentrated down to a very small bulk. 
We then mix it with about one quarter of its vo- 
lume of pure concentrated sulphuric acid, and add, 
drop by drop, a solution of sulphate of iron, 
which, if nitric acid be present, will produce a 
dark-brown coloring. Another plan is, to mix the 
very concentrated solution, in a tube, with copper 
filings, and to add sulphuric acid, when, nitric acid 
being present, ycUowish-red vapors of nitrous acid 
are produced. 

5. Tk& parts aoluhle in water. — A large quan- 
tity of the air-dried soil, say 15,000 to 30,000 
grains, should be heated with water for some time, 
almost to a soething temperature. We then filter, 
and wash the precipitate with hot water. The 
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irliole liquid should then he evaporated down to 
about its original volume, and then either weighed 
or measured, when we proceed to the investigations 
relative to the following separate ingredients, with 
weighed or measured portions of the solution : — 

a. The total amount of parts of the soil which 
are soluble in water, we ascertain by evaporating 
to dryness. 

6. The sulphuric acid is precipitated hj chloride 
of barium, after acidulating the solution with hy- 
drochloric acid. 

c. To determine the chlorine, we first acidulate 
with nitric acid, and then precipitate with solution 
of silver. 

d. Silica. — We mix the solution with hydro- 
chloric acid, evaporate to dryness, macerate the 
residue in muriatic (acidulated) water, and filter off 
the silica, 

e. Lime, magnesia, alumina, and protoxides of 
iron and man0ane3e,m?t,j he contshineA in the filtrate 
produced in " d." — They are to be separated, as 
in Art. XXIII. 

/. Potash and Soda. — The solution should be 
mixed with hydrochloric acid, evaporated to dry- 
ness, the residue dissolved in a little water, mixed 
with an excess of hydrate of baryta, and digested. 
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The precipitate is removed hy filtration, and from 
the filtrate harjta and lime precipitated by car- 
bonate of ammonia. The solution, filtered off 
from them, can only contain potash and soda, 
■which should be separated and determined as 
chlorides. 

g. JPhosphated Alkali. — Its presence is onlypoa- 
sible where no lime exists. We precipitate it aa 
ammonia CO -phosphate of magnesia. {Soe Art. VI.) 

6. Uke parts insoIuMe in Water, hut soluble in. 
diluted Muriatic Add. — ^We weigh off about 8000 
to 16,000 grs. of the washed and dried residue pro- 
duced in " 5," and thoroughly mix it up, inter se. 
It is then placed in a retort, and mixed up with 
water, until it is converted into a thin pap. We 
then apply moderate heat, and gradually add some 
hydrochloric acid, until effervescence is no longer 
produced. Warmth should be applied for some 
time yet, while constantly stirring, after which we 
filter, and carefully wash the insoluble residue. 
The solution should be concentrated, and either by 
weighing or measuring, portioned out into differ- 
ent parts. If the soil should contain much organ- 
ic matter it is necessary to expose it to a mode- 
rate red heat, before permitting the acid to act 
upon it. 
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a. Silica. — We evaporate the solution to dry- 
ness wliile adiling a, little nitric acid. 

h. Sulphiirio Acid. — In a known (weighed or 
measured) portion of the solution filtered from the 
silica, the sulphuric acid is precipitated bj chloride 
of barium. 

c. AlkalieB. — Another portion of this solution 
is treated with hydrate of baryta, as in " 5,/." 

d. Phosphates of lime, magnesia, alumina, iron, 
and manganese, arc determined in the main por- 
tion of the filtrate from the silica, as in Art. 

xxm. 

e. The carbonic acid of the carbonates can be 
determined in a separate portion of the earth, 
macerated in water, as in the soda test. 

/. A casual amount of copper and arsenic oc- 
curring in the soil is determined by separate expe- 
riments. (See Art. XXIIL) 

7. The parts insoluble in dilute Mydroehlorio 
Acid. — A small portion of the residue of " 6," say 
100 to 200 grs., is to be heated with several times 
its weight of concentrated sulphuric acid, until 
most of the acid is driven off. By this the clay, 
in particular, is decomposed. The almost dry 
residue is digested with diluted hydrochloric acid, 
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the solution filtered off and analyzed, as above, 
only that no silica need be expected here. 

The residue, which was insoluble in dilute muri- 
atic acid, should bo boiled with a concontrated so- 
lution of carbonate of aoda, for a good ■while. In 
this way the silica is dissolved. The filtered solu- 
tion should be ssiturated with hydrochloric acid, 
evaporated to dryness, and the silica thus obtained 
by macerating in water and again filtering. 

The portion which ia insoluble in carbonate of 
soda, can be a mixture of sand, felspar, and other 
minerals not capable of being decomposed by sul- 
phuric acid. They are distinguishable by the aid 
of a microscope. For a farther separation, they 
should be treated as in the analysis of felspar. 

The remaining larger portion of the residue of 
"6," before treating with sulphuric acid, can be 
approximatively separated (mechanically, by wash- 
ing) into its component parts. To do this we mix 
it up with water, by means of a feather, and pour 
off the minute suspended particles, in particular 
clay, until nothing remains, except sand and frag- 
ments of felspar, etc. 

21 
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-ASHES OP PLANTS. 



The aslies of plants contain the salts of chlorine, 
phosphoric acid, sulphuric acid, carbonic acid, and 
silicic acid, with potaah, soda, lime, and the oxidea 
of manganese and iron. 

The mode of analysis varies according as the 
aslies contain as much or more phosphoric acid, 
than is necessary to form salts with the iron, man- 
ganese, lime, and magnesia which are present. 
The ashes of seeds contain more phosphoric acid, 
while those of the different varieties of wood, and 
herbaceous plants possess no more than will suffice 
for the formation of those salts. 

Manganese does not occur in all ashes, and its 
presence must therefore be established by a sepa- 
rate investigation before proceeding to the analy- 
sis proper. 

The following analysis are taken from the United 
States Patent office report for 1849, 

Silica . . 0.850 5.63 

Phosphoric acid 49.210 43.98 

Lime . . 0.075 1.80 
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Magnesia . 


1T.600 


11.69 


Potash . 


23.1T5 


34.51 


Soda 


3.605 


1.87 


Sodium , 


0.160 


„. 


Chlorine . 


0.296 


— 


SulpIiuTic acid 


0.515 


0.21 


Organic acids 


5.700 


— 


Peroxide of Iror 





1.87 



99.1T5 99.98 

According to professor AV. Sheppard, of Charles- 
ton, South Carolina, tlio ashes of cotton wool is 
composed of, 

Carbonate of potash (with a trace of soda) 44.29 
Phosphate of lime (with a trace of magnesia) 25.34 
Carbonate of lime ..... 8.97 
Carbonate of magnesia .... G.^5 

Silica 4.12 

Sulphate of potassa .... 2.90 

Alumina . - , . ■ ■ • 1-40 

Chloride of potassium, sulphate of lime, 
phosphate of potassa, oxide of iron (a 
trace) and loss ..... 6.2S 

100.00 



Healed byGoogIc 



244 



A MANUAL OF 



Professor Emmons, of Albany, New York, states 
the ashes of the heart wood of aome trees to he as 
arranged from his analyses in the following tahle. 



c j°P , ' P f' t/ 


i 


1 


^1 
11 
H 


.1 
1! 


ij 


If 


U 
I 


p I k 


1M 
131 


33'63 
1.30 


9.0H 

43.31 
13.30 


■ 


01 


4.06 

i7:oe 

6M 


1.00 

4:48 
3141 

5:40 


0.40 


•»■'• 


105.« 


1D0.0O 


115.14 


S8.M 


100.76J 0D.S3J 



There being, as already remarked, some differ- 
ence between the means of analyzing seed ami 
wood, these are here treated separately. 

1. Ashes of Seeds {Grain, ^c.).— About 1000 
grains of the air-dried (or dried at 212° F.) seed 
should be burnt to charcoal in a platinum crucible 
at a moderate red heat. The coal is pulverized, 
repeatedly macerated in water, and the filtrate 
then evaporated to dryness. 

The remaining charcoal should be dried, and 
being placed in a platinum crucible, so long covered 
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Avitli a small quantity of concentratecl nitric acid, 
that the whole of the coal is destroyed. The re- 
maining saline mass must be mixed with a little 
clean sugar, moistened with water and heated to 
redness, to destroy any nitrates that may have 
been formed, 

The salts produced are mixed up together, 
weighed, and decomposed in the carbonic acid 
apparatus, where, at the same time, their per- 
centage of carbonic acid is ascertained from the 

The solution is to be filtered off from the silica, 
the chlorine in the filtrate precipitated by nitrate 
of silver, an excess of the reagent removed by 
hydrochloric acid, tho sulphuric acid thrown down 
by chloride of barium, and the superfluous baryta 
extracted by a careful addition of sulphuric acid. 

The filtrate should be evaporated to dryness, 
hydrochloric acid poured over tho saline residue, 
and with it digested to alter the character of the 
phosphoric acid. The major portion of the muri- 
atic acid is then evaporated off, and the solution 
filtered from the residue of silica. This, together 
with the previously obtained silica, should be dried 
at from 300° to 370° F., and weighed. The 
admixed carbon, originating with the sugar, should 
21* 
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be removed by heating to redness in an open 
vessel, Ita weight, as ascertained by the loss, 
should be deducted from the whole weight of the 
ashes. 

Prom the saline solution iron, lime, magnesia, 
and also, if present, protoxide of manganese, are 
precipitated by ammonia as phosphates. 

If the precipitate contain no manganese, it 
should bo heated to redness, weighed, then redis- 
solved in hydrochloric acid, digested with it for 
some time, and again precipitated by ammonia. 
Prom the precipitate the phosphates of lime and 
magnesia are extracted by acetic acid, and the re- 
sidue of phosphate of iron weighed as such. The 
acetic solution should be nearly neutralized, and 
from it the lime precipitated by oxahc acid, the 
magnesia by an excess of ammonia as ammoniaeo- 
phosphate of magnesia, while the amount of phos- 
phoric aeid, which was combined with the lime is 
determined by the loss. 

If, on the other hand, manganese be present, 
the compound precipitate is not to be heated to 
redness and weighed, but immediately treated with 
acetic acid, and the weight of the remaining phos- 
phate of iron ascertained. From the hot acetic 
solution the phosphoric acid should be precipitated 
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by acetate of lead, and an excess of the rea.gent 
removed hj hydrosulphuric acid. An excess of 
ammonia will then throw down the manganese as 
aulphuret, after which the. lime is precipitated by 
oxalic acid, and the magneaia by phosphate of 
soda. The phosphate of lead should be dissolved 
in dilute nitric acid, the lead precipitated hj sul- 
phuric acid and alcohol, and from the filtrate the 
phoaphorie acid by sulphate of magnesia and ammo- 
nia, and weighed as pyrophosphate of magnesia. 

The solution, from which the phoaphated earths 
and oxides of metals were precipitated by ammonia, 
must bo boiled to drive off the free ammonia, and 
whilo hot mixed with a diluted solution of acetate 
of lead, so long as a precipitate is yet produced 
by it. Prom this precipitate the phosphoric acid 
is extracted in the manner already described, and 
from the filtrate a slight excess of the salt of lead 
removed by hydrosulphuric acid. By evaporating 
and slightly heating to redness the alkalies aro 
procured aa chlorides. The potash should bo 
weighed as potassio- chloride of platinum, and the 
soda determined by the loss. 

Since the phosphate of lime is not entirely in- 
soluble in a solution containing sal-ammoniac, it is 
possible that some lime may be mixed with the 
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alkalies, and if so, it sliould, after removing the 
excess of oxide of lead by sulphuretted hjdrogcn, 
he precipitated by oxalate of ammonia, 

2. Ashes of Wood, ITerhaceous Plants, ^e. — Of 
herbs which contain a great deal of ashea, 1000 grs. 
are employed for the investigation of their eon- 
tents, but of species of wood which are commonly 
less rich in inorganic constituents, and also of the 
gramincEe, whose asbes chiefly consist of silica, 
about 2000 grs. are taken. They should be burnt 
to charcoal in a platinum crucible, the coal extract- 
ed by water, dried, and thoroughly burnt to ashes 
in an atmosphere of oxygen. 

The analysis only differs from the former in so 
far as these ashes contain a larger proportion of 
alkaline earths than is required to saturate the 
phosphoric acid. Therefore, at the first precipita- 
tion with ammonia, all the phosphoric acid is ex- 
tracted. 

In the filtrate, the lime, manganese, and alkalies 
are contained. The lime is thrown down by oxalic 
acid, the magnesia by phosphate of ammonia, an 
excess of this reagent being extracted by acetate 
of lead ; the alkalies are determined as above. 
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CV. — aUANO. 



As a. general definition, \vo may consider guano 
as a mixtare of ammoniacal salts and earthy phos- 
phates. In the Peruvian and other South Ameri- 
can gnatios, the ammouiacal salts predominate, 
while the African varieties contain a larger pro- 
portion of phosphates and less ammonia. The 
following instructions, though perhaps not going 
as much into detail as might be desired hj some 
chemists, will be found to suffice for any cursory 
examination, and to meet all the demands for 
practical purposes.* 

The substances to be looked for are :: — 

1st. Water, ammonia, nlmic, uric, and huraic 
acids, all of which may be classed as volatile, and 
organic matter, separable at a low red heat. 

2d. Fixed alkaline salts, such as sulphate of 
soda, chloride of sodium, and alkaline phosphates, 
separable by the heat of boiling water from the 
previous ash. 

3d. Earthy salts, consisting of the carbonates 

* lam indebted for these directions to Isiiiah. Deoli, Esq., 
by whom they wore published in the English " PharmO' 
ceutical •Times." 0. M. L. 
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and phosphates of lime and magnesia, soparahlc 
by hydrochloric acid from the residue of above. 

4th. Sand or silica insoluble- 

A. — Calcine 100 grains in a capsule, at a low 
red heat, until all black particles are burnt away 
and a -white ash is left; weigh; the loss is No. 1. 

Good guano should lose from sixty to seventy- 
four per cent, of this volatile organic matter. 

B.— Digest residue of A in boiling water, which 
dissolves the alkaline salts ; filter, dry, and weigh ; 
the loss is No. 2. 

Good guano should lose from four to six per cent, 
of these alkaline salts. 

The phosphoric acid can be separated from this 
solution by adding sulphate of magnesia and 
ammonia, which precipitates it as ammoniaco- 
phosphate of magnesia. 

C. — Digest the residue of B in hot hydro- 
chloric acid ; filter and wash well ; weigh ; the 
loss is carbonate and phosphate of lime and 
magnesia, precipitated by ammonia as a gela- 
tinous precipitate, which, on being dried and 
submitted to heat, should amount to at least fif- 
teen to twenty-five per cent, of the weight of the 
guano used. 
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D. — Tlie residue, after the action of tho bydro- 
chloric acid, when dried and ignited, is sand or 
silica. 

In good guano it ought never to exceed four 
per cent. 

Other Proofs of G-oodness of Gfuano. — Good 
guano contains from twenty to twenty-five per 
cent, of urate of ammonia, insoluble in water ; 
from eighteen to twenty-four per cent, of unde- 
fined animal matter ; and from fifteen to twenty 
of earthy phosphates ; leaving from thirty-one to 
forty-seven per cent, of matter soluble in water, 
exclusive of moisture. 

Decayed or bad guano yields sixty or seventy 
per cent, of its weight to water, from the uric acid 
and animal matter having wasted, and the large 
quantity of moisture in it, often amounting to from 
twenty-five to thirty-five per cent. 

Good Peruvian guano does not lose more than 
seven to nine per cent, at a heat of 212°, and this 
includes a little ammonia. 

Further Proofs of Good Q-uano. — I'ifty to sev- 
enty per cent, should dissolve in a hot solution of 
caustic potashj with a strong smell of ammonia. 

Hydrochloric acid, added in slight excess to the 
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filtered solution, should produce a copious brown 
crystalline precipitate of uric acid. 

Specific gravity ouglit to be from 1.60 to 1.75.* 

. CVI. — GUNPOWDER. 

A weighed quantity of well-ground gunpowder 
should he dried over sulphuric acid, and in this 
manner the amount of hygroscopic water deter- 
mined. 

By digesting with water, the saltpetre is ex- 
tracted. The remaining mixture of coal and sul- 
phur should be dried at 212° 'F,, on a filter pre- 
viously dried and weighed at the same temperature. 
The sulphur and carbon being weighed, the salt- 
petre is ascertained from the loss, or otherwise, by 
evaporating the filtrate and weighing. 

To determine the quantity of sulphur, one part 
of the thoroughly pulverized gunpowder should be 
mixed with one part of anhydrous carbonate of soda, 
one part of saltpetre, and four parts of pure, de- 
crepitated table salt, and, being placed in a platinum 
crucible, heated until the compound is burnt, and 
has assumed a perfectly white color. We then 
dissolve in water, acidulate with muriatic acid, and 
precipitate the sulphuric acid with chloride of 

* See analysis of Guano, in Appendix. 
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bfiriuin, as sulpliate of baryta, which contains 
13.T4T per cent, of sulphur. 

The amount of charCoa,! is discovered hy the losa. 
It cannot be determined by macerating the sulpliur 
in boiling potash lye or a solution of sulphuret of 
potassium, since it is not always entirely converted 
into carbon, and therefore would only partially be 
dissolved. We might succeed better by extracting 
it from the sulphur with sulphuretted carbon (COJ. 

CVII. — MODE 01' TESTING THE MANGANESE OF 
COMMERCE. 

This substance, if good, consists of little more 
than peroxide (hyperoxide, deatoxide) of manga- 
nese, is crystalline, and gives a blackpowder. When 
after drying it is heated to redness, it discharges 
no water, or at moat a trace. Commonly, how- 
ever, it contains foreign admixtures, and amongst 
them the hydrate of the sesquioxide of manganese 
is most frequently met with. To determine its 
amount of peroxide, that is, in other words, to as- 
certain the quantity of oxygen it is capable of 
engendering, there are different methods. 

1. A weighed portion of the very finely pulver- 
ized substance is placed in the apparatus employed 
for the quantitative determining of carbonic acid, 
22 
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and brought in contact with sulphuric and oxalic 
acids, when sulphate of protoxide of manganese is 
produced, while all the oxygen, which can be con- 
ceived as combinecl with the protoxide of man- 
ganese, is evolved as carbonic acid. 

One equivalent of pure peroxide is equal to 544, 
and produces two equivalents of carbonic acid 
equal to 550, 

Hence, 0.99 gramme* of the peroxide forms 1.00 
gramme of cai-honic acid. In the test, it is best to 
use a treble quantity of the compound of manga- 
nese, 2,97 grammes, and for that 2.5 grammes of 
neutral oxalate of potash, and afterwards to divide 
tho quantity of evolved carbonic acid by 3. It 
gives the percentage of the peroxide of manganese 
in the impure substance. 

2. The well-ground and weighed manganese is 
mixed with water in a retort, capable of being 
closed, and then some bright and weighed strips 
of copper are inserted, and hydrochloric acid 
added. A narrow tube should be attached to the 
retort. We then allow the contents to digest until 



* One pound troy (5760 grs.) is equal to 373.246 g] 
The advantage appertaining to the deoimal system has 
induced me in this case, and one or two others, not to state 
the quanlitieB in gi-ains. 0. M. L. 
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the compoimcl of manganese is dis; 
care, however, that no free chlorine is evolved. 
After this, we heat np to a seething temperature 
for a quarter of an hour, then allow it to cool, ponr 
off the liquid portion, wash the residue of copper, 
first with very dilute hydrochloric acid, and after- 
wards with pure water, dry and weigh. 

Two equivalents of copper, equal to 791 parts, 
take up, to form the chloride, one equivalent of 
chlorine, equal to 443 parts. Hence, 791 is to 
443 as the dissolved quantity of copper is to " x" 
(the amount of chlorine sought). 1.22 gramme 
of pure peroxide of manganese produce 1.00 gramme 
of chlorine, and therefore cause the dissolving of 
1.78 of copper. 

CVIII. — TEST FOR CfllORIDB OE LIMB OF OOMMERCIi. 

The bleaching powder of commerce is a varying 
mixture of hypochlorite of lime, chloride of calcium 
with hydrate of lime. If treated with an add, the 
whole of the chlorine is liberated and discharged. 
To ascertain its quality, that is, to determine the 
quantity of effective chlorine which it contains, 
different methods may be adopted. 

1, We dissolve 14 grammes of pure araenious 
acid in potash lye, and mix with it so much water 
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that, altogether, we have the volume of 2000 
measuring parts on the graduated pipette. Then 
100 of these parta of the solution will contain 0.7 
gramme of arsonious acid, and the solution of 
chlorine, which is required to convert this into 
arsenic acid, contains 0,5 gramme of chlorine, 
since one equivalent, equal to 1240 of arsenious 
acid requires two equivalents, equal to 886 of 
chlorine, to become arsenic acid. 

We weigh off 5 grammes of the bleaching powder, 
rub it up with water, pour it into a cylinder, and 
add so much water, that the whole is equal to 200 
of the already mentioned measuring parts on the 
pipette. 

We then place 100 such parts of solution of 
arsenic in a beaker glass, dilate with water, add 
an excess of hydrochloric acid, and color the liquid 
with from one to two drops of a solution of sulpho- 
indigotic acid (an indigo solution with sulphuric 
.oM). 

We next admix so much of the newly shaten 
chloride of lime solution (which was placed in the 
graduated pipette) to the colored solution of arsenic 
that the color just disappears. The solution of 
chloride of limo contained 0.5 of chlorine. 

Had wo used 90 measuring parts of the solution 
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of chloride of lime, then the five grammes of chloride 
of lime ■woulcl have contained l.Hl gramme or 
22.22 per cent, of chlorine. 

2. A weighed portion of the hleaching powder 
is placed in a retort, covered with water, and mixed, 
first, with an excess of protochloride of iion, which 
must not contain any perohloride, and then imme 
diately with hydrochloric acid, after which some 
bright weighed strips of copper are inserted We 
then boil, until the perchloride formed is again 
converted into the protochloride, wash off the 
copper, dry and weigh. (See Art. CVI.) 

CIS. — MEXnODS FOE TESTING THE POTASH AND 
SODA OP COMMERCE. 

The different kinds of potash and soda which 
occur in commerce, contain very varying admix- 
tures of foreign salts. Their percentage of car- 
bonated alkali, from which alone their value is 
derived, varies from 40 to 95. 

Potash, in particular, often contains chloride of 
potassium, sulphate, silicate and phosphate of 
potash, and carbonate, phosphate, and silicate of 
lime. 

Soda frequently contains chloride and sulphuret 
22* 
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of sodium, BTilphate, silicate, and hyposulpJiite of 
soda, and also hydrate of soda. 

In testing their amount of carbonated alkalies, 
different methods are employed. 

1. By ear^uUy aatitratiny a weighed portion 
with diluted sulphurio aeid of known powers of 
saturation. — To prepare the testing aeid we mix, 
for inatanee, 70 grammes of English sulphuric acid 
with 600 grammes of water. 

We next weigh off 5 grammes of pure, anhy- 
drous cai-bonate of soda, dissolve in hot water, and 
color with a little tincture of indigo. 

From a graduated pipette, we very carefully, 
particularly towards the end, add some drops 
of the testing acid, until the solution has just as- 
sumed a red color, and lines drawn with the liquid 
on litmus-paper commence, on drying, to leave a 
red mark. 

We then observe how many measuring parts of 
the acid have been used. After this, so much 
water is added to the whole amount of the aeid, 
that just 100 measuring parts of this diluted acid 
are necessary to saturate 6 grm. of pure carbonate 
of soda. This testing acid should be kept care- 
fully bottled and closed. It shows, in potash or 
soda, the amount of carbonated or caustic alkalies 
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directly aa the percentage amount, if we iveigli 
off from tlie substance to be tested a quantity 
equal to 5 grm, of carbonate of soda. 

100 parts of testing acid saturate 5.000 grm. of 

carb. soda 
100 parts of testing " " 2.935 " 

soda 
100 parts of testing " " 6.487 " 

carb. potash 
100 parts of testing " " 4.421 " 

potash 

Therefore, if we take 6.487 grm. of a potash, 
the parts of acid used will show directly the 
amount of carbonate of potash ; if we take 4.421 
grm. we obtain the quantity of anhydrous potash. 

A greater amount of silicate of potassa in the 
potash, and of silicate and hyposulphite of soda 
and sulphnret of sodium in the soda, would make 
the result inaccurate. 

2. By determining the quantity of carhonio acid 
evolved. — The water we first determine by slightly 
heating. 

a. Potash, — From the anhydrous, impure com- 
pound we weigh off 6.28 grammes in the apparatus 
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for the quantitative determimng of carbonic aciiJ, 
and discharge the carbonic acid. 

The quantity of the evolved centigrammes of 
carbonic acid, divided by two, gives the amount of 
carbonate of potassa in the potash, for 3.14 grm. 
of pure carbonate of potash produce 1.00 grm. 
carbonic acid. For the sake of greater accuracy 
we take the double amount, eqaal to 6.28. 

b. Soda. — Wg take 4.82 grm. of the anhydrous 
compound, that is twice 2.41, which is the quantity 
of pure carbonate of soda, from which the acid 
evolves 1.00 grm. of carbonic acid. 

If a soda contain caustic soda, known from the 
fact that, after adding an excess of chloride of 
barium, the solution is alkaline in its reactions, we 
proceed in the following manner. 

4.82 gnn. of the anhydrous compoand are 
rubbed up with three parts of puro quartz sand 
and about one-third of pulverized carbonate of 
ammonia, moistened with water, and after some 
time slightly heated to drive off all the water and 
ammonia. 

On cooling, the whole mass ia placed in the 
evolving apparatus, and treated as above, 
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MODE OF DETECTING ARSENIC IN A CASE OF 
POISONING. 

MEDICO-JUDICIAL PROCESS. 

When a caae of poisoning by arsenic is suspected, 
tlie poison should be sought for in the contents of 
the stocaach and the intestines, in the substance of 
these organs themselves, in the liver, the milt, the 
lungs, the vomit, the substance which produced vo- 
miting, and in the urine and excrements : in all these 
it should bo sought for and its presence established. 
According to the character of the case, it may be 
found in one or the other of these organs or in seve- 
ral at the same time. It may also be necessary to 
examine the remains of suspicious victuals and the 
vessels in which they were contained, as well aa 
vessels or papers in which the arsenic employed 
may have been placed. In cases where the body 
has been buried for a long time, and, together with 
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the coffin, has completely deeayeil, it not unfre- 
quontly may become necessary to examine the sur- 
rounding soil for an amount of arsenic which may 
have been contained in the body. 

It is necessary that, previous to a chemical in- 
vestigation, the contents of the stomach and intes- 
tines, as well aa the vomit, should be submitted to 
a careful ocular inspection. The mass should be 
spread out in a clean porcelain vessel, and turned 
over with new glass rods or spatula, and examined 
with the aid of a magnifying glass. Particular 
attention should be paid to little white, hard par- 
ticles, or granules, which may he undissolved arse- 
nious acid. These should he carefully collected 
with a pair of forceps. They ought chiefly to he 
sought for in the parietes and folds of the mucous 
membrane of the stomach and intestines. By 
diluting the contents with water, or better still with 
alcohol, and thus extracting the lighter organic 
matter, we are frequently enabled, with consider- 
able ease, to obtain a larger amount of the heavy 
arsenical powder. 

The object in all chemical operations in a judicial 
investigation is to procure the arsenic in substance, 
and, in fact, in its elementary form as metallic 
arsenic. In this shape only it is possessed of such 
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very cliaractevistic properties, that it cannot be 
mistaken for any other substances, and may yet, 
in particles too small to be weighed, be recognized 
with certainty. Hence, only in this form should 
it be laid before a court of justice, and be recog- 
nized as a proof of its presence. All other combi- 
nations in which it might be procured ought to 
bo considered as valueless and unsatisfactory evi- 
dence. This isolation of arwenic in its metallic 
state, even in the sma,llest possible particles, too 
small to be weighed, is very easy and simple. 
The main difGculty which can occur in the whole 
operation is wben, as commonly is the case, it is neces- 
sary to extract such a minute portion of the poison 
from the large mass of organic matter of an entire 
corpse, no matter in what form we may procure it. 
It is most convenient for the progress of the 
chemical investigation to suppose three different 
cases : — 

1. The arsenic, still in shape of the original sub- 
stance of white arsenic, exists in the contents of 
the stomach and intestines, or in the vomit. 

2. It is intimately and invisibly, or in a dissolved 
state, mixed up with these contents and the chymo. 
It is, therefore, no longer to be distinguished in 
substance, nor mechanically to be s 
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3, Stomach and intestines are empty, or accord- 
ing to the investigation no arsenic could be found 
in them. It has therefore been absorbed, and has 
pa,ssed into the blood or the substance of the 
various organs. 

1. The arsenic is still present in suhstance, and 
can be picked out from the contents of the stomach, 
&c., or else extracted by washing. This case is 
the simplest. It is then only necessary to show 
that the substance found is really arsenic. This 
can be established by discovering the following 
properties. The granules or pieces should first be 
perfectly cleansed from all organic matter. 

These particles are generally milk white, less 
commonly clear and semi transparent, hard and 
brittle. 

A granule, however small, if placed in a narrow 
tube, closed at one end, and introduced into the 
flame of a spirit-lamp, will evaporate and bo con- 
densed again a little higher up along the sides of 
the tube, giving it a coating resembling flour. This, 
if examined with a microscope, particularly if held 
BO that the rays of the sun can shine upon it, will 
to consist of glittering octohedral 



A granule placed upon a redhot piece of char- 
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coal will evaporate, producing vapors of a strong 
garlic odor. If placed on a redliot glass or por- 
celain it will evaporate without tlio garlic odor, 
because it is then not reduced to metallic arsenic. 
This odor is characteristic of the metal. 

We may farther test it by inserting a particle 
in an open narrow tube, together with some small 
pieces of newly prepared charcoal, so that the tube 
is filled up about half an inch. The part of the 
tube containing the arsenic and coal, which ought 
to be the centre, should then be held in a flame in 
a horizontal position, but so that the part where 
the grain of arsenic is lying, is immediately outaide 
of the flame. Aa soon as the charcoal is rcdhot 
this portion also is held in the flame and slightly 
inclined downwards, so that the vapors of arsenic 
passing through the redhot charcoal become re- 
duced, when they settle above the coal, forming a 
sparkling but deep steel-colored ring, which reflects 
like a mirror, and is frequently termed the arsenic 
mirror. By heating this ring slightly, it can be 
driven higher up in the tube and caused to form 
again above the places originally occupied. Should 
it be thus driven to a wider portion of the tube, 
■where the atmospheric oxygen can afi'ect it, and 
here forced from point to point, a portion at least 
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of tlio metai will become reoxidiKed and changed 
into the minute glittering and colorless crystals of 
arsenious acid. If the tube is cut off just below 
the metallic mirror and then heated, the character- 
istic smell of garlic may be observed. 

Thia reduction of arsenic to ita metallic state 
can be with equal convenience and greater cer- 
tainty effected in t!ie following manner : A granule 
is dissolved in water (acidulated with hydrochloric 
acid), by applying slight warmth, and then testing 
this solution in Marsh's apparatus, in the manner 
as is accurately described below. 

Another proof of the white granules really be- 
ing arsenic, ia to heat one of them, together with 
a small quantity (about the size of a pin's head) of 
dry acetate of potash, in a small gli^s tube, closed 
at one end, when the peculiar and excessively 
offensive odor of kakodyle must be produced. 

One or a few of the little grains are ground up 
in an agate mortar with distilled water, when the 
powder, together with the water (twenty to thirty 
drops) is poured into a little vial, and in it exposed 
to an almost seething temperature, till the powder 
is dissolved. A part of this solution is placed in 
a test tube, and mixed with a few drops of a solu- 
tion of nitrate of silver, after which, one by one. 
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gome drops of very dilute caustic nmmonia are 
added. TMs, if the substance was arsenious acid, 
will produce a heavy, bright-yellow precipitate of 
arseniate of silver. Another portion of the solu- 
tion, mixed with a few drops of a clear solution 
of cuprum ammoniacale, produces a fiao yellowish- 
green precipitate of arseniate of copper. A third 
part of the solution, mixed first with a few drops of 
hydrochloric acid, and then with several times its 
volume of an aqueous solution of hydro sulphuric 
add, gives a vivid yellow precipitate of sesquisul- 
phuret of arsenic, which is again dissolved by add- 
ing caustic ammonia. 

Among all these reactions, the reduction of the 
arsenic to its metallic state, in either of the two 
methods given, is the characteristic and most ne- 
cessary one, and, indeed, the only one which can 
be regarded aa a clear proof. The others are 
simply confirmations of that test, and are only 
made when we have sufficient material at our dis- 
posal. 

2. The arsenic is no longer perceivable in sub- 
stance, no longer capable of mechanical separation, 
but is, either in a dissolved state, or at least inti- 
mately and invisibly, mixed with the contents of 
the intestines. In this more difficult, though fre- 
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quently occurring case, it is first necessary to dis- 
solve by ([eeomposing reagents, and totally to 
destroy tlie whole mass of organic matter of the 
contents of the intestines, of the vomit, the vic- 
tuals, and even of the stomach and intestines them- 
selves. Only when this has been effected is it 
possible to separate the arsenic with certainty. 

Before commencing this operation, it is absolute- 
ly necessary carefully to test the reagents to he 
used, for a possible and not uncommon admixture 
of arsenic, even if they were purchased or pre- 
pared as chemically pure. Distilled sulphuric acid, 
hydrochloric acid, and zinc in particular, require 
such an examination. This is best performed by 
means of the Marshian apparatus, to be described 
below, and which is so invaluable, from the very fact 
that by it also the purity of the reagents themselves 
can be so accurately and easily determined. With- 
out such a. previous examination of these, which 
the chemist should mention in his protocol, the 
discovery of arsenic in a procedure of the kind 
must bo regarded as utterly valueless, since the 
arsenic discovered may have originated with the 
reagents. It should also bo mentioned in the pro- 
tocol, that the investigations were conducted by 
means of new unused utensils and vessels. To 
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make the whole perfectly sure, and to avoid leav- 
ing any dovht m the mind and conscience of the 
operator, it ia advisable not to perform the ex- 
amination in the common workroom of the labora- 
tory. At any rate, a careful and thorough cleans- 
ing of it should precede the accurate investigations. 
If, on such treatment, and after attending to 
all the necessary measures of precaution, arsenic 
is found, it should be remembered, that it may 
have b 1 1 1 ' t t! b dy by e 1 
in part I by th p ft U 

cines ; f t th t m 1 tl p 

paratio f [ h ph tl d 1 1 1 1 

cum, sljh m 1 tmwllf 

careles p j t m y t E 

the a t 1 t mpl yd PP *! f 

poison o, th hyd t 1 d f ! ?> 

consequence of being badly prepared, contain some 
arsenic. The arsenic may also have been inten- 
tionally employed as a medicine, as in Fowler's 
drops, for example. "When the corpse is dug up, it 
should be remembered that the soil which was in 
contact with the coffin must be tested for an 
amount of arsenic, as sometimes the earth, in 
particular if it bo a ferruginous one, contains 
23* 
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arsenic in dctectible quantities, and maj havo 
communicated this to tlie body. 

To alter and destroy tlie organic matter, pre- 
paratory to extracting the arsenic, according to its 
nature, different means can be adopted. 

Ii^o pap-like masses, such as the chyme and 
other contents of the stomach, and the excrements, 
chlorine gas is conducted until saturation takes 
place. This gas should be produced by the means 
of tested distilled sulphuric acid, and equally pure 
peroxide of manganese, and for greater purification 
should be passed through a high and narrow 
column of water. To aid the action of the chlorine 
it will be well to warm the organic matter. After- 
wards, when it is entirely saturated by the gas, 
and has become coagulated and hlea,ched, it should 
be heated almost to a seething point, to discharge 
the superfluous chlorine, and then the liquid, which 
contains the arsenic, filtered off through paper 
which contains no smalt, e. g., Swedish filtering 
paper. 

The stomach and intestines, with the contents, 
are cut up very small in a porcelain evaporating 
dish, and the whole mass then equally stirred up 
together. About one-third of it should be set aside 
in a clean, closed glass, to be used in case that. 
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by some mistake, the remaindoJ" might be lost 
during the investigation. A moderately concen- 
trated potash lye ia then poured over the mass, 
and wanned with it, until the latter is entirely, or 
almost entirely, dissolved. But little potash ia 
necessary for this, aud therefore, to avoid an ox- 
cess, it should ooly be gradually added. The solu- 
tion ought then to be slightly acidulated with 
dilute sulphuric acid, by which it is caused to 
coagulate. As in the last paragraph, it should now 
be saturated with chlorine gas. 

Another plan is to cover the minced organic 
mass with so much pure concentrated hydrochloric 
acid that its weight would be about equal to the 
weight of the whole organic matter, if the latter 
were dried. Enough water is also added to convert 
the whole into a thin pulp or pap. The evaporating 
dish containing it is then heated in a water-bath, 
and while stirring every five minutes, about thirty 
grains (not granules, but the weight of that name) 
of chlorate of potash, containingno lead, are strewn 
into the hot liquid, until this has assumed a light 
color, and has become a thin, homogeneous mass. 
After applying heat for some time longer, tho 
liquid is left to cool, and then filtered through a 
wet filter of paper containing no smalt. The re- 
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sidiie on the filter should be waslied wUh hot 
water, until the washings ara barely any longer of 
an acid nature. The whole of the fluid part ought 
then to be poured together in a porcelain evapo- 
rating dish, and in a water-bath evaporated to about 
one pound residue. 

The liquid procured by cither of these three 
methods, should be poured into a cylindrical glass 
or a retort, and a slow current of washed hydro- 
sulphuric acid gas passed through it, until it has 
become perfectly saturated. By this all the arsenic 
is precipitated as sesquisulphuret of arsenic. The 
precipitation can be materially aided by heating 
the liquid, while introducing the gas, for about 
half an hour, to 120° or 140° Pahr., and then letting 
it cool while continuing the current of sulphuretted 
hydrogen. The fluid thus saturated by the gas, 
is set aside in a covered vessel for twenty-four 
hours. The deposit formed, even with a maximum 
amount of arsenic, generally possesses a dirty, in- 
definite gray or brown color.* Most of the liquid 
is poured off from it, and after that it is placed 

* In a case of poisoning liy compounds of loftd, copper, 
mereurj, or antimony, it would aJso contain those racbilB, 
and, therefore, possess a darker color, and reqnire a sepa- 
rate treatKient for tliem. 
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on a filter of fino Swedish paper, of the smallest 
possible size, and then washed out. The filtrate, 
before throwing it away, should, for precaution's 
sake, be saturated afresh with the gas, and set 
aside for some time in a closed vessel. 

The precipitate, besides sesquisulphuret of arsen- 
ic, also contains some sulphuretted organic matter, 
which it is necessary entirely to destroy. This is 
best done by placing the filter with the precipitate 
in a large crucible of genuine porcelain or China 
ware, and to cover and digest it with concentrated 
nitric acid until all is converted into one homoge- 
neous mass. The free nitric acid, of which, ac- 
cording as It may seem necessary, a larger quan- 
tity is added, should be neutralized by gradually 
admixing pure carbonate of soda. The whole is 
then evaporated to dryness. It is of importance 
that it should contain the required excess of nitrate 
of soda, a matter easily effected. Wo now expose 
it to a greater heat over a large spirit-lamp, 
though very gradually, until the salt melts. At 
first, it turns brown and black, and then, without 
fulminating, it becomes colorless, and molts to a 
clear liquid. Ey this proceeding, all the organic 
matter is burnt, and all the arsenic converted into 
arseniate of soda. 



Healed byGoogIc 



274 APPEisms. 

On the cold and stagnated saline mass in the 
crucible, we pour by degrees pure sulphuric acid in 
drops, and afterwards apply a mild heat, until, on 
adding more acid, the nitric and nitrous acid has 
been entirely driven off, and the mass been con- 
verted into acid sulphate of soda. Had, for the ori- 
ginal oxidation of sulphuretted hydrogen, precipi- 
tate nitric acid, ■which contained hydrochloric acid, 
been used, then volatile chloride of arsenic would 
now be formed, and produce a loss of arsenic. It 
is, therefore, necessary to assure ourselves of the 
purity of the nitric acid and carbonate of soda. 

The acid saline mass should he dissolved, while 
yet in the crucible, by the smallest necessary quan- 
tity of hot water. Thia solution is then placed in 
the Marshian apparatus (I'ig. 11). 
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This apparatus has the following very simple 
conatruction : a is a bottle with two necks. It 
should be large enough to contain from a half to a 
whole pound of water. Into each mouth a now 
cork, with a hole passing through it, is very tightly 
inserted. Through the cork in the smaller aper- 
ture the funnel-topped tuhe 5 is passed, for the 
introduction of the solution, &c. Through the 
larger cork another tuhe is passed, having a bulb 
of an inch diameter at c. This serves to collect 
the spattering particles of the liquid, which from 
here, hy nieana of the slantingly-cut end of the 
tube, again drop into the bottle. The opposite end 
of the tuhe is connected by a tight-fitting cork 
with the wider tube d, which is six inches long, 
and, to retain the moisture, filled with little pieces 
of pure chloride of calcium, which should have been 
previously melted, and must not contain any ab- 
solute powder. Into the other end of the tube 
d, a narrow tube e {at the utmost one-twelfth of 
an inch in diameter), made of glass containing no 
lead, is inserted. This should be of rather stout 
glas^, and drawn out at the extreme end. It 
should be especially remarked that the introduc- 
tion-tube, b, is indispensable. If the operator 
should have no two-necked bottle, he must insert 
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a cork, with two perfoi'ations, into a single-neckci.1 
one. 

Some ounces of broken zinc are placed in the 
bottle, and the latter half filled with distilled 
iTater. The apparatus is then fitted together, and 
some concentrated distilled sulphuric aciiJ intro- 
duced in small quantities by means of the funnel- 
tube h. This should be done very gradually, 
so that the whole does not become too severely 
heated, otherwise hydrosulphuric acid gas might be 
produced. The disengagement of hydrogen should 
be continued until all the atmospheric air is be- 
lieved to be discharged from the apparatus, and 
hydrogen entirely to have taken its place. The 
narrow tube at e is then heated to redness with 
a Berzelius lamp, for at least half an hour, while at 
the same time, by occasionally pouring on more 
acid, the discharge of the gas is continued. Uy 
this, the zinc and acid are tested for a possible 
amount of arsenic. If these are pure, no change 
is produced at the point e. If they contain 
arsenic, a metallic mirror is produced on this spot, 
and both the acid and zinc are useless. The appa- 
ratus will then also require a thorough cleansing, 
and it is even better to exchange it for another 
new one. In a similar apparatus, the hydrochloric 
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acid and the cMoratc of potash are tested in the 
same manner. It is, however, necessary first to 
convert the latter entirely into chloride of potas- 
sium hy melting. The saltpetre and hydrate of 
potash (for the third case) should be submitted 
to the same process, after converting them into 
sulphates by the action of sulphuric acid. Of 
all these substances too small quantities ought 
not to be employed. At least one ounce of each 
should be taken. 

When the reagents have been thus tested and 
the operator has como to the conviction that they 
are absolutely free from arsenic, he may proceed 
to the investigation proper. 

The apparatus should be entirely charged with 
hydrogen, and this gas kept continually producing 
while the narrow tube at e is maintained at a 
constant red heat. These preliminaries being 
arranged, the solution to be tested — and which 
mnst contain the arsenic originally existing in 
the corpse — is poured into the bottle by means of 
the funnel-tube I. Afterwards, about as macb 
water is poured on, to rinse out this tube and re- 
move the adhering particles of the solution. Care 
should be taken that no air is carried in by the 
liquids. If the solution contain arsenic, a deposit, 
24 
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at first of a brown color, but bj degrees becoming 
possessed of reflecting properties, will be dis- 
covered, immediately beyond tbo redhot point. 
This increases in density, and witli a large amount 
of arsenic will soon become an absolute intran- 
sparent metallic mirror. In the mean time, the 
current of hydrogen, emitted from the extreme 
end of tho narrow tube, should be set on fire (the 
flame should not bo too weak), and a piece of white 
and genuine porcelain held against it, on which 
then also a black or brown metallic spot of arsenic 
is produced. Often many of these may be caused 
to form. The reason why this ta-kes plaeo is, that 
if the portion of the tuhe which is heated to red- 
ness does not take up much room, then more or 
less of the arseniuretted hydrogen will escape 
decomposition, and produce these spots in the 
manner stated. Delfware, earthenware, or any 
kind of porcelain which is not genuine, cannot bo 
used, since their glazing contains lead, and may, 
therefore, by producing a reduction of lead, cause 
the formation of dark spots, without the presence 



If large quantities of arsenic are operated upon, 
and therefore many of these stains or spots are 
formed, these alone will be a snfEcient evidence, as 
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tlie reactions, specified above, can be produced with 
them. For thia purpose, they should be dissolved 
by moistening them with o, drop of nitric acid, and, 
by applying very mild heat, tho greater part of the 
acid driven off. If, on the other hand, traces 
only of arsenic are present, the stain is so faint, 
that its character may frequently remain uncer- 
tain. A true proof only is the production of a 
metallic mirror or ring in the redhot tube itself. 
This ring must be capable of being evaporated by 
slightly heating the part of the tube where it has 
formed, and of being deposited anew in a cooler 
place. At the same time, the gas emitted from the 
end of the tube must possess the peculiar garlic 
odor. 

When the arsenical ring has ceased to increase, 
and the flame no longer produces stains on porce- 
lain, tho operation should be stopped. It will bo 
found much to the purpose, while the tube e ia 
yet redhot, and in a 'softened state, to draw it out 
a.nd melt it together (close it) at the redhot point. 
The other end may also be hermetically sealed in 
the same manner, and the metallic mirror, thus 
inclosed, placed in the hands of tho judicial au- 
thorities. 

If there be reason to suspect the presence of a 
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krge proportion of arsenic, it is advisable not at 
onee to talte the whole quantity of the solution, 
but to divide it off into different parts, and also to 
let the tube e be a much longer one, so that the 
arsenical mirror can be produced at different points. 
By means of a file, the tube is then cut up into as 
many pieces as it contains rings. The portion 
with the most characteristic one is to be sealed at 
both ends, and laid aside, to be handed over with 
the written returns. To the rest, the tests given 
on page 265 are applied, and amongst them the 
great volatility, and the garlic odor, are most 
charaetoristie and decisive, 

If, after applying the Marshian test, and even 
on beating to redness for an hour, no deposit is 
formed in the tube, and no trace of a stain is pro- 
duced on porcelain, the absence of arsenic is proved, 
provided that the preparatory treatment was pro- 
perly conducted, and the arsenic was not permitted 
to escape, from carelessness and inadvertence. 

With this Marshian process, it is a circumstance 
of great importance that antimony, in the shape 
of oxide of antimony or antimonioas acid, or alto- 
gether in its saline or dissolved state, under the 
same conditions as arsenic, will form antimoniuretted 
hydrogen, which, on being heated, produces a very 



Healed byGoogIc 



APPENDIX. 281 

shuilar metallic ring, and, on being burnt, causes 
stains on porcelain very much like the arsenic, 
This circumstance is peculiarly deserving of atten- 
tion, sinceverycommonlypreparationa of antimony, 
particularly tartarus stibiatus, are employed as in- 
ternal medicaments, and would, therefore, in such 
cases, produce a metallic mirror, which at first 
sight might be easily mistaken for arsenic. 

I'he methods to distinguish whether the ring be 
produced by arsenic or by antimony are very sim- 
ple and decisive. The arsenic is characterized by 
the properties described, ivliile antimony is pos- 
sessed of the following marked qualities : The 
mirror of antimony is lighter in color and more 
iridescent, while the antimonial stains aro blacker, 
and often possessing a shade of blue. Antimony 
is by far less volatile than arsenic, and, although 
the antimonial ring may also be driven from point 
to point, yet it requires a much more intense heat. 
Here one of the most characteristic differences is 
observable. It is, that the antimonial mirror, before 
it evaporates, will melt to small, glittering globules, 
at least distinguishable with the aid of a micro- 
scope ; an intermediate state by no means observa- 
ble with arsenic. The absolutely decisive distinc- 
tion between the two is based on the fact, that 
24* 
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the arsenic evaporates emitting the smell of garlic, 
while the antimony under the same cireumstances 
possesses no odor whatsoever. By heating the 
portion of the tube containing the ring, while hy- 
drogen is passing through it, a strong smell of 
garlic will be produced by the discharged vapors, 
if the mirror be arsenic, though they will remain 
odorless, if it is antimony. Besides these the fol- 
lowing distinguishing reactions may be applied. 

The stains on porcelain, caused by arsenic, dis- 
appear on touching (tipping) them with a concen- 
trated and alkaline solution of hypochlorite of soda; 
those of antimony remain unaltered. Stains or 
mirrors of arsenic, if moistened with a drop of nitric 
acid, and heated, disappear, that is, are entirely 
and clearly dissolved. If a drop of nitric solution 
of silver be added, and a glass rod, moistened with 
caustic ammonia, be held immediately over the 
spot, without coming in contact, the drop will 
receive a yellow coloring, since a precipitate of 
arseniate of silver is produced in it. 

It is true that the stains and mirrors of antimony 
also disappear on application of nitric acid, hut the 
antimony ia not dissolved by it, but only converted 
into white oxide, and this exhibits no reaction with 
the solution of silver. In a mixture of one drop 
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of nitrJe and one of hydrochloric acid, the anti- 
mony is dissolved. If, then, the excess of white 
acid be carefully driven off, and some sulphuretted 
hydrogen water be dropped upon the spot, a fire 
red precipitate of aesquisulpliuret of antimony ia 
produced. If it had been arsenic, a lemon- colored 
precipitate would have been deposited. 

If a current of hydrosulphuric acid gas be con- 
ducted through the tube, containing the metallic 
ring, and heat be applied, the metal will be con- 
verted into a sulphuret. If it is antimony, the 
aulphuret will be black, or partially orange-colored ; 
if arsenic, the yellow sulphuret is produced. Both 
combinations are respectively characterized, not 
only by their differing in color, but also by their 
difference in volatility, the sulphuret of arsenic 
being much the more volatile of the two. 

Besides this, the presence of antimony might 
have been detected on oxidizing the sulpliuretted 
hydrogen precipitate, already described. For had 
the molten mass, before being treated with sul- 
phuric acid, been dissolved in water, the antimony, 
in the shape of antimoniate of soda, would have 
remained insoluble. 

3. In the stomach and intestines, no arsenic is 
discovered; and it is to be supposed, either that 
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it was discharged in the vomit or excrements, or 
that it was absorbed by the blood and bloodvessels 
of the body. In this case, the procedure is pre- 
cisely the same as in the second, by subjecting the 
liver, milt, lungs, heart, or kidney to the inves- 
tigations. If the bladder is found to contain 
nrine, we should commence by examining this, 
It should, however, not immediately be placed in 
the Marshian apparatus, as the strong effervescence 
which it would produce in the liquid, would pre- 
vent our conducting the experiment in this manner. 
It is therefore necessary, first, slightly to acidulate 
it with hydrochloric acid, and then to introduce 
hyiJrosulphuric acid gas, after which we proceed 
as ahove in the second case. 

Investigations of this kind become excessively 
troublesome, disgusting, and even painful, if wo 
have to operate on corpses which have been buried 
for months or years, and have therefore passed 
over into the most offensive state of decomposition, 
In such cases it is often impossible to distinguish 
and separate the different organs, and we are 
obliged to submit to the examination the whole 
mass of the vital parts — which, from decay, have 
passed into one another, or, under peculiar local 
circumstances, have dried up together — and even 
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the iionos. It woiild ha wrong, in such an iostance, 
to immerse the corpse into a bath of chlorine water 
or a solution of chloride of lime, to deprive it of 
its stench, as then arsenic would be extracted 
and lost. Should the operatot wish to disinfect it 
by chlorine gas, he must remember that, in pre- 
paring it, distilled sulphuric acid, containing no 
arsenic, should he employed. The vital parts, and 
in particular those which belonged to the abdomen, 
are carefully removed from the hones, and then 
treated as in the second case. 

The following is another mode of treatment, 
which is peculiarly adapted to decomposing corpses 
which have only been buried for some months. 

The tender (vital) parts are placed in a large 
evaporating dish of genuine porcelain, standing on 
a sand-bath, and there covered with moderately 
strong, tested nitric acid. By aid of heat and by 
stirring, they are then so completely destroyed 
a nd dissolved, thata homogeneous, pap-like mass 
is produced. This is then saturated with a con- 
centrated solution of pure hydrate of potash, or 
carbonate of potash, and afterwards about as much 
tested and pulverized nitre admixed as the weight 
of the organic matter amounted to. The whole 
is then, while constantly stirring, evaporated to 
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dryness, and afterwards in small portions place in 
a new, clean Hessian crucible, previously brought 
to a red heat. In this manner, all the organic 
matter is bnrnt, and the arsenic, if present, con- 
verted into arseniate of potash. In this case it is 
necessary, though not quite easy, to decide upon 
the right quantity of saltpetre. If too little be 
used, some organic matter will be left unburnt, 
and arsenic may be volatilized by the carbonated 
mass ; while too much would be productive of in- 
convenience in the farther treatment. It is best 
to make some preparatory tests, by placing amail 
quantities in little redhot crucibles, and observing 
whether, after the cessation of the detonations, the 
mass is left purely white. So long as it remains 
dark (carbonated) more nitre should be added. 

This substance, which principally consists of 
carbonate, nitrate, and hyponitrate of potash, 
and may contain arseniate of potash, should be 
dissolved in the smallest necessary quantity of 
seething water. This solution, without removing 
the suspended phosphate of lime and silica by fil- 
tration, should be placed in a porcelain dish, and 
there be saturated in such a manner with concen- 
trated distilled sulphuric acid, that of the latter a 
slight excess is produced. The saline, pap-like 
mass is then carefully heated, nntil the whole of 



Healed byGoogIc 



APPENDIX. 287 

the nitric and nitrous acids are diacharged. This 
circum stance requires great attention. On cooling, 
the whole is mixed ■with a little water, and tho 
liquid then poured off from the large quantity of 
sulphate of potash formed. The latter should now 
be washed several times with cold water, and the 
washings then mixed with the first liquid, when 
the whole of this solution is to he treated, as above, 
with hydro sulphuric acid gas. The precipitate 
then only requires to he oxidized with nitric acid, 
care being taken afterwards to remove all the acid 
by evaporation, before the liquid is submitted to 
the Marsh ian process. 

In rare cases only may it be required by the 
judicial authorities to be made acquainted with the 
exact weight of the arsenic contained in a dead hody. 

In determining the quantity, the result can only 
be an approximation, since it is impossible to obtain 
the whole amount of arsenic from all the separate 
parts of a corpse, and to ascertain its weight. In 
such a case, where it is expressly desired, it is well 
to insert a closely-wound spiro of thin copper foil, 
about two inches long, into the rather long tube e, 
and to weigh them together. The tube is then 
heated in two places, one near to the bottle for the 
formation of the mirror, the other at the somewhat 
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distant part occupied by the copper. Tina latter 
wil! unite with all the rest of the arsenic, formicg 
an alloy of the two metals. The increase in weight 
of the tube will then show the quantity of arsenic, 
Tvhich must, however, be calculated as arsenioaa 
acid. 

A hundred parts of arsenic produce 132.0354 
parts of arsenioua acid. 
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THE AVERAGE COMPOSITION 0» UNDAMAGED GUAMO 
PROM PERU, IS, ACCORDING TO WAT, OF LOHDON;* 

Ammonia . . . IT. 41 per cent. 

Phosphate of lime . 24.12 " " 
Potash . . . S.50 " " 
besides water, organic matter, &c. 

ANALYSES OE TIN BY KBRSTEN-t 
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0.07 
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in iiydro- 






chloric 


acid 
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3.76 






99.84 


100.09 



* J, Higgins's Agricultwral B^OTt of Maryland. 
t Smithsonian Report on Recent Invprimements ■■ 
OAemicol AHs. By Booth and Morfit, 1851. 
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ANALYSIS OF SOFT PIG ISON, FROM JGEKGEM, BY 
FUCIIS.* 

Iron 94.33 

Carbon 3.43 

Silicon ..... 1.75 

PhosphorES .... 0.37 

Sulphur ..... 0.12 

100.00 

ANALYSES OF SELECT, PURE, AJSp PEEFECT CRYSTALS 

OF ABfiENICAL PYKITES FROM FREIBBEe IN SAXOBY. 

BY I>R. C. J. B. KAItSTEN.f 

I. II. III. IV. 

Arsenic 42.88 43.418 48.1 43.73 
Iron . 36.04 34.938 36.5 35.62 
Sulphur 21.08 20.132 15.4 20.65 

• KacBten's EiserihueUen Kwide (Gorman), yol. i. p. 623, 
t Ibid. Tol. ii. p. 19. 
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ANALYSIS OF THE DEIED ALLUVIAL DEPOSIX 0? THE 



NILE. BY liAHBAl«JN«.-" 

Silica 


42.50 


Alumina .... 


24.25 


Oxide of iron 


13.65 


Carbonate of lime . 


3. 85 


Carbonate of magnesia . 


1.50 


XJlmie acid and organic aitro- 




geniferons substancea . 


2.80 


Water 


10.70 



100.00 

ANALYSIS OF THE CRETACEOUS (ROTTEN OR 
prairie) limestone of ALABAMA.f 

Carbonate of limo . . . 42.25 

Silica 23.00 

Alumina and oxide of iron . 31.00 

Phosphate of lime . . . 0.05 

99.30 

» Walehaer'a Geognosie (German), p. 387. 
I Prof. M. Tuomej's Report, p. 136. 
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ANALYSIS OF ASH OF PINE WOOD.* 



Silica 


10.8667 


Sulphuric acid , 


1.2844 


Phosphoric acid . 


3.6669 


Chlorine 


0.1229 


Peroxide ot iron . 


2.6018 


Protoxide of manganese 


2.6498 


Magnesia . 


3.9873 


Lime .... 


68.6476 


Potash 


2.3076 


Soda .... 


13.9751 



* This analysis is by Sacc [Annales de Chimie et duTUy- 
sique, XXV.), given alao ia Booth and Morflt'a Smithsonian 
Export, p. 201. It should have been placed in ihe Article 
on Asliea of Plants, &c., p. 242, but was then omitted. 



Healed byGoogIc 



APPENDIX. 




ANALYSIS OS WATER FROM THE DEAD SEA, BY 


GMELIN. 




Chloride of Hme 


3.21410 


Chloride of magnesiitm 


11.31724 


Chloride of sodium . 


7.07617 


Chloride of potassium 


1.67000 


Chloride of aluminium 


0.89600 


Chloride of manganese 


0.21170 


Chloride of ammonium 


0.00715 


Bromide of magnesium 


0.43970 


Sulphate of lime 


0.05270 


Total of saline ingredients 


24.5398 


Water 


75.4602 




100.0000 
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TABLE OF THE COMBIHING PROPORTIONS OF THE ELE- 
MENTS, OXYGEN BEING EQUAL TO 100, 

Element. Sjinbol. Equiv. 

Oxygen ... 100.00 

SijLPHDK S ... 200.75 

Selenium So ... 495.28 

Tellurium Te ... 801.70 

NwROOBN N ... 175.0C 

Phosphorus P ... 392.04 

Arsenic Aa ... 938.80 

Antimony Sb ... 1012.90 

Chlorine CI ... 443.28 

Eromibe Br ,.. 999,62 

Iodine I ... 1585.99 

Fluorine F ... 235.48 

Caebos C ... 75.12 

Boron B ... 136.20 

Silicon Si ... 277.78 

Potassium (Kaliitm) K .., 488.85 

Soda {Natrium) Na ... 289.73 

Lithium , L ... 81.66 

Bakiuu Ba, ... 855.29 

Stbohtium .^. Sr ... 545.93 

Calcium Ca ... 251.65 

Magnesium Mg ... 158,14 
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L N E 



4.RG 
74.7 



U 



Lead (Plumbum) Pb ... 129-1.64 

Bismuth , Bi ... 1330.37 

Copper {Cuprum) Ca ... 395.Q0 

MeROUKT (IlrDEAROYBDIl) Ilg ... 1251.29 

Silver (Aeobntium) Ag ... 1349.06 

Palladium Pd ... 665.47 

EtiTnENiuM Ku ... 646.27 

Rhodium E ... 651.96 
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Element. 


Symbol. 


Equiv. 








Iridium 


Ir 


,. 1232.08 








03J.IUM 


Os 


., 1242.62 


Titanium 


Ti 


.. 301.55 








Niobium 


Nb 


t 


Pelopium 


Pp 


? 


Tungsten (Wolpk 


iM) W 


.. 1188,36 


MOLTBDENUM 


Mo 


.. 573.83 


Vanadium 


V 


.. 856.89 


CHROMUm 


Cr 


.. 328.87 


IlyDROGEN 


H 


12.48 
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Acidulate, to, is to mis with, froe acid. 

Alkaline, oontainiag free alkali. 

Alio;/, a mixture of reduced metals. 

Amalgam, an alloy in -which merourf forms a part. 

Amorphous, Bjn. nnoryBtalline, without form. 

Anhydrous, poasosaing no water. 

Atiao^here of a gas, signifies a surrounding volume of gaa ; 

often syn. current. 
Beliavior of a substance, is the manner in which it acts in 

any peculiar situation. 
Botryoidal, ehaped like bunehea of grapes, from the Greek 

Calcine, to heat to rednesi, originally only of lime 
Caustic, an alkali, for m'ltinoe, iS nustio if unpombinod 
C'hynu., from the Greek, is the griyish pulp foimod from 
the food after ithxs renmned in the ^t(lm^ch fin 

Compoilmeat, syn behavior 

Capdtatvm, a peouliai minner of tieatmg silvei ore in 

assaying them by heat 
Decrepitate, io A aalt dociepitate^, if on being expoied to 

a led heit the witer is diiohaiged, \nd the sub 

atanie lj5es itg crjstilhne foiio 
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Deliquescenl. A substance is deliciuosoent, if on exposure 
to the action of the atmospheric air, it ahsorbs a 
suffioieiit quantity of liygroaoopic moisture to he- 
come fluid. 

Digest, to. This term denotes the submitting a liquid or 
solid to the aotion of some liiiuid, with apphcation 
of a moderate (digestive) heat (see Introduction). 

Ebullition, is the phenomenon produced when some gas or 
vapor is disengaged from a liquid with force, as in 
the escaping of steam from water. 

Effervescence is a similar phenomenon, being also fie 
escaping of gas, but with the production of froth or 
foam. Acid on carbonato of lime produces efferves- 

Evolve, to. As to disohargo a gas, or to cause it to he dis- 



Excess. An escess of an acid, alkali, salt, or other sub- 
stance signifies, ohemieally speaking, a quantity orer 
and above that which will saturate or neutralize 
another substance, with which it is brought in con- 
tact. 

FUtraM. A filtrate is the liquid which is filtered off from 
a precipitate. 

IhJiii J t thnwl Ibs detonation. 

Fiia g ac h a, th whhn p sure to the atmo- 
ph w h t 1 t p d pors. They either 

Lm Itl gd t,as fuming nitric 

ad fht tltlt the evaporating 

p t I 1 1 t pi m turo, and thus pro- 
duce vapors, as with the Nordhausen oil of vitriol. 
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Gangue, is the rook, a dike or vein, wbich contains some 
mineral; derived from the German : gang. 

Humic compounds are produced from vegetable mould, viz. 
the humus or humine and tlio humio acid. The 
term ia not very definite. 

Hydrate. A substance is termed a hydrate if it poasess any 
considerable amount of water. 

Bijgroscopia, from the Greek, is the name applied to the 
moisture, absorbed by substances from the atmo- 
spherio air, in contradistinction to the water of crys- 
tallization. 

Leach, to. See Introduction. 

Maeeraie, to, a substance, generally signiSes to submit it to 
the action of a liijuid, in which only a portion ia 
soluble, but always means to espose every portion 
t<i its influence. 

Mitrix, of a mineral or metal, ia tho rock in which it occura. 
It often 13 synonymous to gangue, though the torm 
matrix is also applied to mswsive metalliferous rocks. 

Melals, in chemical terminology are not only what in com- 
mon parlance are termed thus. They aU. poasess the 
peculiar appearance termed metallic lustre, are 
neither transparent nor translucent, and are all 
capable of being molten. Many of them are volatile, 
and many occur in a crystalline form, or can he 
artifloially caused to crystallize. The cube ia the 
base of their crystallization. Many metals are not 
really known as such, and are only at present im- 
aginary, as for example silicon, of which only the 
oxide, silica or silicic acid is known. 
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Naulralise, to, a solution, is to balance the amount of alkiili 
and acid in it. 

Oxidise, to, is to convert into an oside. 

Precipitate, to, aignifiea to oanae the formation of a deposit 
in a liquid. A precipitate is, therefore, the deposit 
produced. 

Quartation, or quartaring, is the namo applied to a part of 
the process employed in assaying gold ores by heat. 

Beduee, io, is to diminish the quantity of osygen in an 
oxide. Generally, it means the converting of an 
oxide into the metallic state, though it may also 
signify to alter an oxide poseesaing much osjgen 
into one containing less, as to reduce a peroxide to 
a protoxide. 

Boast, to; syn. calcine. 

Salte, are the compounds of motals with simple or com- 
pound salt radicals. 

Saturate, to. A substance is saturated with another, if the 
utmost quantity of the latter ia added to it that the 
former is capable of combining with, without a free 
portion of either being left. 

Seething, temperature. A solution is said to be at a seeth- 
ing temperature, when itia almost entering upon the 
boiling state. It is not a very definite term. The 
temperature required to place water in this state 
might, under ordinary oiroumstanoes, perhaps, be 
considered to be about 200° Fahr. 

Solution. A solution ia a liquid in which some substance is 
chemically suspended. 
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Sablvmaie. A sublimate is a substance which has been iu 
a state of vapor, and is then again condensed, re- 
duced to its solid form. 

Surplus, sja. excess. 

Throw down, t" : fljn. to precipitate. 

Wash, to. See deeoription in. tie Introduction. 

Washings, are those liquids which haye been employed for 
washing, and have been permitted to percolate 
througb tto filter, and the substance on tlie filter, 
and which contains more or less of the contents of 
the first filtrate, but always in a very diluted form. 

Water of crystoM'kaUon, is that water which is required by 
a sabstoaoe for the formation of its crystals, and by 
removing which it becomes amorphuus. 
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Acetate of copper, 71. 

Adal!ir, 155. 

Adulterations of iron, 1'13. 

Alkalies and magnesia, 4T. 

AUoyB of copper, nickel, &o., 115. 

Alam, naiire, 56. 

Alumina and perox. of iron, 63. 

Alumina and pliospborio acid, &i, 

Alumiiia in iron, 146. 

Ammonia, 46 

Ammonia m. aoila, 287. 

Ammoniiico phosphate of magnesia, i 

Anal^ies of Turioua aubstanoes, 288. 

Antimnry and arsenic, 92, 

Antmic ny and lead, 94. 

Aniimonj ar^enio, &e., 99. 

Appendis 261. 

Aqua regm, 75. 

Aigillita, 167. 

Arseniate of copper, 71. 

Arseniate of load, 71. 

Arsenic ocid in water, 284. 

Arsenic and nickel, 116. 

Araeaie and antimony, 92. 

Arsenic and lead, 08. 

Araenioal pyritea, 290. 

Araenio as poison, 261. 

Arsenic in a cose of poisoning, £61. 

Araenie in iron, 145. 
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Arsenlo, tin, antimony, 09. 

Arsenical nieke], 115. 

Ashes of plants, wood, &c., 242, 292. 

Aabea of eeeds, 244. 

Assay of iron ores, 142. 

Assay of silver ores, 136. 

Augit«, 162, 

Balance, testing, 36. 
Baryta, carbonate of, 52. 
Baryta, sulphate of, 63, 55. 
Bass wood, analysis of, 244. 
Barlierita, 106. 
Beryl, 165. 
Bisnrath and lead, 87. 
Bismnth, oarbonate of, 86. 
Bismuth, lead, tin, 91. 
Bisulpho-anijmoniate of lead, 103. 
Bisufphuret of molybdenum, 200. 
Bla^k tellm-iran ore, 212. 
Dotrjolita, 175. 
Bournonito, 104. 

Bone-aah, 67. 

Brass, 88. 

Bright-white oobalt, 122. 

Bromide of sodiuiu, 217. 

Bromine in water, 232. 

Bronie, 89. 

Brown hematite, 69. 

Butternut, analysis of wood of, 244. 

Calcium in iron, 147. 
Cttloulatiojis, rales for, 38. 
Carbonate Kmd sulphate of leo^ 65. 
Carbonate of bismatli, 86. 
Carbonate of soda in water, 283. 
Carbonates of linryta and atrontia, 62. 
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riii-bonatcs of iron, &o,, in wattr, 231. 

CflJ-lionatca of lead, iime, &o., 55. 

Cai'bonatea of lime and baryta, 52. 

CarbonEttfiB of lime and magnesia, 61. 

Carbonates of efi-onlia, baryta, mngnesia, &c., 54. 

Carbon in iron, 143. 

Carbonio acid, 169. 

Carbonie aoid gaa in water, 229. 

Cement, 169. 

Cerite, 185. 

Cerium, 185. 

Chloride of lime of commerce, 255. 

Chloride o£ potassium, 217. 

Chloride of siher, 221. 

Chloride of sodium, 217, 21S. 

Chromated iron, 188. 

Chromate of lead, 191. 

Chrome, 69. 

Chrome jeUow, 191. 

Chromium in iron, 147. 

CinnabRjr, 83. 

Chiy, 167. 

Cobalt and ma^f^ncso, 124. 

Cobalt in iron, 148. 

Cobalt ores, 116. 

Cobalt, preparation of, 117. 

Cobaltjo furnace products, 123. 

Coin, 76, 76. 

Combining proportions, 292, 

Contents, Tiii. 

Copper and gold, 76. 

Copper and silver, 76. 

Copper and tin, 89. 

Copper and zinc, 88. 

Copper in iron, 146, 

Copper, nickel, zino, 84. 

Copper of CI 
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Copper pyrites, 109. 

Copper slag, 153. 

Corn, analysis of Indian, 242. 

Cotton wool, analysis of, 243. 

Crufle iron, 143. 

CiTiBt in aalt-ratB, 224. 

Cyanide of silver, 79. 

Datolite, 115. 

Deoaatlng, 3H. 

Definition of analytionl cheniiatiy, 25. 

DepoMt in tte salt Tats, 224. 

Determining the oiidea of iron BUparatelj, '. 

Didjmium, 185. 

Digesting, 31. 

Elements, tables of, 294. 
Emerald, 165. 

Epsom and Glauber salts, 49. 
Esplanatjon of table of eloinenta, 37. 

Felspar, 155. 

Ferro-ammoniacal alum, 57. 
Piling, 31. 
Filtering, 31. 
Filters, 32. 
Fluor-spar, 171. 
Fluorio acid, 171. 
Fluoride of calcinm, 69. 
Fluorine in wat«r, 234. 

Galena, 101. 

German silver, S4. 

Glaas, 160. 

Glauber and Epsom salts, 49. 

GlosEary, 297. 

Gold and copper, 75. 

Gold aod silver, 74. 
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aolicoin, &o., 75. 

Guano, 249, 283. 

Guano, anoljda of, ia Appendii. 

Guauo, treataiont of, 249, 283. 

Gunpowder, 252. 

Herbaceous plonta, 248. 

Hickory, analjEis of wood of, 244. 

Hornblende, 162. 

Hyacinth, 177. 

Hjdral«d carbonate of lead, 54. 

Hydrocyanic add, 215. 

Hydroeulpliurio acid gaa in water, 2; 

Impleraentfi, 26. 

"" I corn, analysis of, 242. 
Introduction, 26. 
Iodide of potasEinm, 217. 
Iodide of sodium, 217. 

Iridium, 129. 
on, ndulterationa of, 143, 290. 
on and antimony as sulphui'ete, 10 
en, iitaniate of, 206. 
on, fungsiate of, 198. 
on wood, analyaB of, 244, 
Iron furnace slag, 161. 

n ore by heat, 142. 

n ore, spathoae, 62. 

n ore with ranadinin, 208. 

a pyrites, 199. 

Lantaniuni, 185. 
Leaching, 33. 
Lead and antimony, 94. 
Lead and arsenic, 98. 
Lead and bismuth, 87. 
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lead and mercury, 81. 
Lead and silver, 78. 
Lend and tin, 90. 
Lead, WsiboIIj, Md, 91. 
Lead, soIpLaret of, 101. 
Lead, tungstate of, 197. 
Lime, oSirbonate of, 51. 
Lime in water, 238. 
Lime, sulphate of, 54. 
Lime, tungstate of, 198. 
Limestone, 169, 291. 
LitMon in ivater, 288. 

Magneeia and allmlies, 47. 
Magnesia, cai'bonate of, 61. 
M^^esia in water, 233. 
Mf^e^n, sulphate of, 43. 
Magne^vim in iron, 147, 
Magaetic iron ore, 187. 
Manganese and cobalt, 124. 
Manganese in iron, 146. 

le of commerce, 253. 
1, poroside of, 73. 
Manipulations, 29. 
Maple, analyaia of sugar, 244. 
Marl, 169. 

Medioo-judioial test for ai'senio, 261. 
Mesotype, 153. 
Metallic iron, 137. 
Meteoric iron, 149. 
Meteoric stones, 149. 

Methods for tesljng potash and soda of ooimi 
Mercury, 79. 
Mecoui-y and aiher, 81. 
Meroui-j mth platinum, 134. 
Mineral waters, 227. 
Mode of detecting arsenic !is a poJEion, 281. 
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Modo of testing Dmnganese of oomme 

Molybdenum, bisulphurot of, 200. 

MolybdeaamiEiron, 147. 

Molybdio acid, 201. 

Mortar, 169. 

Mother-lye in aalt-worka, 227. 

Mud, stamping, with selenium, 213. 



Natrolite, 163. 


Natural alum, 50. 


Newton's ftisible metal, 91. 


Nioke! in iron, 148. 


Nickel ores, 115, 


Sitrio acid in soils, 237. 


Oohroite, 185. 


Organic matter in soils, 28( 


Osmium, 139. 



palLttdium, 184. 

Parts of soil aoluble in water, 237. 

Ports of soil insoluble in dilute acid, 240. 

Peivnide and protflxide of iron, 137. 

Poroxide of iron and alamina, 68. 

Peroxide of iron and phosphorua, 65. 

P d f manganese, iron, and 2ino,,78. 

P t 1 1S8 

P wt 96 

Ph ph t f lead, 71. 

Ph phat and carbonates of lime and mag 

Ph Bph t water, 234. 

Fh. ph n aoid and alumina, 64. 

Ph ph aoid and peroxide of iron, 65. 

Ph ph a id in water, 234, 

Ph pi u in iron, 114. 

P t h bl d 201. 

PI g t 103. 
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PlatinHm residue, 129. 

Platinum ores, 125, 134. 

FlaUuum, silTer, &o., 114. 

Fotitsli and soda, 45. 

Potash-cLrome alum, 68. 

Potash m water, 282. 

Potaeh of eommerce, 257, 

Potash, sulphate of, 49. 

Potassium, chloride of, 217. 

Potassium, iodide of, 317. 

Preface, is. 

Protoaulphnxet of ii-on, ICH). 

Prussic acid, 215. 

PulTeriiicg, 30. 

Purs chloride of sodium, 219. 

Pure niokel, preparatiou of, 1!E. 

Pnro silTOr, pi'aparadon of, 221. 

Purification of reagents, 29. 

Pyrites, arsenioal, analysis of, 290. 

Pyrites, copper, 109. 

Pyrites, iron, 199. 

Pyrophosphate of maiiganese, Inlioduotioi 

Pjrosene, 162. 

Quiokrilver, 79. 

Keagonts (liquid), 27. 

Keagents (soUd), 28. 

Ked heeoh, analyais of wood of, 244. 

Red or ruby silrei-, 107. 

Siodium, 184. 

Bliutemum, 129. 

Eoohelle salt, 48. 

Eoek salt, 222. 

Ruby bUtot, 107. 

Salt of Seignetta, 48. 
Salt, table, &e., 222. 
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Salt-yats, deposit In, 224. 
Sohweinfurth green, 71. 
SeEi-saJt, 222. 



Seleniimi and sulpkmic acid, 213. 
Seleniataa, 213. 
Seleniuret of mercury, 313. 
Silica in water, 231. 
Silicate of iron, 151. 
Silicates of oopper, &o., 153. 
Silicates of soda, &0., 163. 
SlliooB in iron, 14i. 
Silver and copper, 76. 
Silver and gold, 74. 
Silrei' and lead, T8. 
SUvor and meroury, 81. 
Silver coin taid aJloja, 73. 
Silver, copper, &c., 114. 
SilTcr ores by heat, 136. 
Silver, pura, 221. 
Soda of commerce, 267. 
Soda, sulphai* of, 49, 220. 
Sodium, bromide of, 217. 
Sodium, chloride of, 217, 319. 
Sodium, iodide of, 217. 
Soils, 225, 291. 
Solder. 90. 

Soluble matter in water, 231. 
SpathosG iron ore, 60. 
Specific gravity of water, 229. 
Spring-water, common, 227. 
.Spodnmene, 188. 
Strontia, carbonate of, 52. 
Strontia in water, 233. 
Sti'oiitla, sulphate of, 53. 
SngnT-maple, analyeis of, 244. 
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Sulphate of baryta, strontia, and lime, 54. 

Sulphate of copper, 72. 

Sulpliate of iron, 73, 

Sulphate of magnesia, calculation of, 42. 

Sulphate of Boda, 220. 

Sulphate of line, 72. 

f baryta and strontia, 53. 

f magnesia, soda, and potaah, 49. 
Sulphuret of lead, 78. 
Sulphui-ct of nine, 110. 
Sulphurets of antimony and iron, 106. 
Sulphurets of lead and antimony, lOS. 
Sulplmrets, platinum, &c., 114. 
Sulphuretted hydrogen, preparation of, 28. 
Sulphuric acid in waler, 232. 
Sulphur in iron, 147. 

Table of elements, 294. 

Table salt, raw, 222. 

Tontaiite, 210. 

Tantalum, 210. 

Tartar emetic, 100. 

Tellurium, 212, 

Tellurium ore, 212, 

Testing manganese, 258, 

Testing potash, 267. 

Testing soda, 267. 

Tests for chloride of lime of commerce, 253. 

Tetraphyline, 183. 

Thorina, 179, 

Thorite, 179. 

Tin, analysis of, 289. 

Tin and copper, 89. 

Tin and lead, 90. 

Tin, antimony, copper, and bismutli, 96, 

Tin, arsenic, antimony, 99, 

Tin in brass, 88, 
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Tin, lead, bisnmtli, 91. 

Tin-white cobalt, 122. 

Titaniate of iron, 206. 

Titanic acid, 206. 

Topaz, 173. 

TriplijUae, 183. 

Tungstate of ii-on, 194. 

Tangstate of lead, 197. 

Tungstalo of lime, 198. 

TangsUc a«id, preparation of, 194, 

Type-metal, 94. 

Urajiium oce, 201. 

Draninm, peroxide of, 201. 

Uranium, preparation of pare pei'oside of, 201. 

Vanadium, 208. 
Vnnadium in iron, 47. 
Vanadium ia iron ore, 208. 
Various analyses, 288. 
Vitriol, copper, 72. 

Washing, 38. 

Washing bottles, 84. 

Water, 227. 

Water in soilSj 236. 

Weighing, 39. 

WeU-water, 227. 

Wheitt grain, analysis of, 242. 

White lead (pure), 54. 

Wbite lead of commerce, 65. 

White-ofti, aiiaiysis of, 244. 

Wood ashae, 248. 

Yenite, 137. 

Yenite, calciila.tion of cnmposition, 41. 

27 



Healed byGoogIc 



S14 u 

Zino and copper, 88. 

Zino-Wende, 110. 

Zinc, nickel, and copper, 84. 

Zinc, peroxide of, 78. 

Zine, Bulpiiuret of, 72, 110. 

Zinkenite, 103. 

Zircon, 177. 

Zirconia, eilioate of, 177. 
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PUBLIGATIOKS 

HENRY CAREY BAIRD, 



B. B. CORNER OP MARKET AND PnTTH STREETS, 

PHILADELPHIA. 



SCIENTIFIC AND PRACTICAL. 



THE PRACTICAL MODEL CALCTILATOE, 

Fob tte Engineer, Machinist, Manufautucep of Engine Work, 
Hayal Architect, Miner, and Millwright. By Oliteh Byrne. 
Commie]' and Edit^ir of the Dictionary of Mitchinea, Mecha,iilc3, 
Engine Work and Bngineeriiig, arid Author of Tarious Mathe- 
tnalical and Mechajueat Works. Illustrated bj nnmerons En- 
gravings. To be published in TwalTe Parts, at Twenty-five 
Cents e^h, forming, when oompletod, One large Volume, OotaTO, 
of nearly sii hundred pages. 

ehanical Arts, and establish modsls or sEaudarile to guide pracElcnJ men. Tha 
T^ljlsfl that Ota liitniduced, maoy of vbJch ara u«w, wjjj ^ really AcoDomis4 
Jaboor, and raider tSi6 erei^Hlay aaJoulationa of the proctical man «jmpi«heit 
etntadeuj- ^foa •wc? ringlf otluolaUon glna in this worfe numerous 
DttiarQilau]itloDBHnreadil7iqiiaeJ]Bd»eDtbiit ench Jpay beronBldered (bahtiad 
at » samflnnu funllj of praotloBl nanlts. 

^ ^Hw «ndfipl«B Bttlenteil will be found approprialfl, AJtH in aU CBsen taken ttfoa 
the aeloal praoUis of tiie prraent tJmB. Bveij rule hes been tested by tbe un- 
eirloe resuta of mathematie^ researeb, anCl ccn^med by enpeiimeDl^ wben 

of tbe praeUeal work^u^man long cDnBidered a requirement. It still \tB fbuod 
tbe esemplary oature of Its ^ell-selected esamplas, and from the eaay, eimple, 



HOEEIS'S HAND-BOOK FOE LOCOMOTIVE ENGI- 
NEERS AND ]UACHINISTS : 
Comprising the Calculations for Conatnicting Locoraotiyea. 
Manner of setting Valves, ke. &c. By SEPijMna Noaais, Civil 
and Meohonieal Engineer. In One Volume, 12mo., with illus- 
trations $1.50 
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A COI-IPLETE TKEATISE ON TANHINQ, CTTREYING 
AHD EVEEY BEAHCH OF LEATHEE-DKESSIIfG, 
Prom tho French, and from original aourees. By Cahpbkli. 
Moasit, one of tie Editors of the " Enejclopedia, of CtiemiBti'y," 
Author of " Chemistry Applied to the Mannfactnre of Soap and 
CandleB," and other Scientifio Treatjaes. Illustrated witi seteral 
hundred Engrnyinga. CompleteinOnoVol., rojalSvo. (In press.) 
ThlB tmportsnt trsatise will be iseaad from the praaa ot aa esily a flsj as thH 
dudes of the editor vlll permit, aird It Fs beJleTell that Id do ntner braDch of 
applied »^«Qce conld more sigoal service he rendered to Amerlc^yi. ftfanuGic 

THE PRACTICAL COTTOU-SPINHEIl ANB MANTT- 
FACTUEEK; Or, The Manag'er's and Overseer's 
Companion. 

TMb works contains a Comprcbenaivc System of Calcula^ona 
for Mil! GeaHng and Machinery, from the first moving powor 
through the different prooesses of Carding, Drawing, Slabbing, 
noting. Spinning, and Weaving, adapted to American Machinery, 
Practice, and Usages. Compendious Tables of Yarns and Reeds 
are added. Llustrated by large Workiag-dramings of the most 
approved American Cotton Machinery. Complete in One Volume, 

oetavo $3.50 

r, by Olihk Bnura, 1b deelgned for the 
.. Intflnsely prscH™l, nnd nm he of the 

THE PHACIICAL METAL-WOEKEE'S ASSISTANT, 

Eor Tin-Plate Workera, Brasiera, Coppersmiths, Zinc-Plate 
Ornamenters and Workers, Wire Workers, Whitesmiths, Black- 
smiths, Bell Hangers, Jeirellera, Silver and Gold Smiths, Eleo- 
trotypers, and all other Workers in Alloys and Metals. By 
Chaeleb HoLlzAPPf el. Edited, wiili important additions, by 
OuTSR BiiurE. Complete in One Volnme, ootaTO $4.00 

It wHI treat of OestlBK, ffoDDdlDg, snd Po^Dg; of Tonga and other Tools; 
!De««a ol Heat and MBDSgamnst of Hrea; WeUlgg; Df HegdhigBiid Swage 
lIoolB i of Pnnohsa aad Asvllai of Hudening and Temieiing; of JtuUealile Iron 
GaethiEB, Cho HeJilBniiig, Wronrht and Oaflt iTfHi. The maaugraiDODt aiid ma- 
DlpulstkmofMslalstuiil^lIojaSlelUDEHDdHlilDg. Tbe manegament of Enp^ 
nacei, Caatlng and KooDdlDg vltb Uetalllij MoDlda, JcfaiDg ml Worhliig gbwt 
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THE MANUFACTITRE OF lEON m ALL ITS 
VARIOUS BEAKCHES ; 

To which is added an Easaj on the Manufiiotnre of Steel, by 
PaEUEEioK Oteemah, Miuiag EngiBear, mlh one hviiidred and 
fifty Wood EngraTings. A new edition. In One Volume, oc- 
tavo, flte hundred pages $5.00 

We hBTS now to asnoauiw the appaBrasse of anothav nliiiibls -wink on tlis 
eii])|Mt wbkib. In Diu bumble opinion, aappUH any defideusj wbich 1a,le ln> 
PFDT«menU anl dluorB^M nuf hsTs xHiBed, team the l^oe oT Udk Bince Uia 
ul« qf ** UubIhI^* uul " Soltrivenor." Itis thsproduetloaofaovofoDr txaos' 
Sjldantlo brothidi, Ur. ^ndazlet Oromun, AHidng En^ueer; and wa ^o not 
befilUta to Ht U down as a work of gsai hnportanoa to all oonii«ted wito tha 
Iron InlaHet; one wMob, frbao it iB mifflciaiillf tBoboDlo^cal fidlyto eiptda 
ebemlciBl snal/eis, uid tba TaddnB pbenomns of tnm andor dlfennt idriHim- 
BtuioH, to tha MtUfacUDB of Die meM JhsttdloDs, Is written In Hutt eleu sod 
■wmpiehejiBtTe fi^le as to be nvaOabla to 0ie euael^ of the humbleet miiid, 
and cooBequeutly vUl be of muub sdTantage to uioae vorks irhere the proprie- 
tors may sea tlie de^rabllK^ of pladof it m the banda of tboir opeiaUree^^ 
Linidim Morning jQumat. 



A TREATISE ON THE AMERICAK STEAM -ETTeiNE, 



PEOPELLESS AND STEAM NAVIGATION: 

'WitJi Biograpliical Sketohes of Early Inrentors. By Bobebt 
Macpablame, C. E,, Editor of the "Soientjfio American." In 
One Volume, 12mo. lUnsirated by orer Eighty Wood Engrav- 



MATHEMATICS FOE PEACTICAL MEN; 
Being a Common-place Book of Principles, Theorems, Eules, 
and taWea, in yapioua Departments of Pure and Mised Mathe- 
madoB, with tlieir applications, eBpecially to the pursuitB of 
Surveyora, Architects, Mechanics, and Civil Enpneera. With 
numerous Engravings. By OunTHns Gheqory, LL.D., F. R. 
A. S $1.50 
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PEACTICAL SERIES. 



The Toluraes in this series are publishod in duodecimo form, 

and the design ia to furnish to Artisana, for 3 modei'ate sum. 

Hand-books of the different Arta and Manufactures, in order 

that thej may be enabled to keep pace with the improvementa 

of the age. 

There have already appeared — 

THE AMERICAN MILLEE AND MILLWRIGHT'S ASSIST- 
ANT. $1. 

THE TURNER'S COMPANION. TSots. 

THE PAINTER, GILDER, AND VARNISITER'9 COMPA- 
NION. 75 Ota. 

THE DYER AND COLOUK-MAICER'S COMPANION. 75 eta. 

THE BUILDER'S COMPANION. $1. 

THE CABINET-MAKER'S COMPANION. 75 eta. 

The following, among others, are in preparation ; — 

A TREATISE ON A BOS OP INSTRUMENTS. By Thomas 
Kehtish. 

THE PAPER-HANGER'S COMPANION. By J. Arbowsmith. 

THE AMEEICAET MILIEU AND MULWEIGHT'S 

ASSISTANT 1 
By WiLliAM Oartbii Hughes, Editor of " The Amarloan Mil- 
ler," (newspaper,) Buffalo, N. Y. Illustrated by Drawings of 
the moat approved Machinery. In One Volnme, 12nio $1 



wright'a Unrfneaa.— a. 



THE TURNER'S COMPANION: 
Containing Instructions in Goneentvic, Elliptic, and EcGentrio 
Turning. Also, Tarious Plates of Chuoks, Tools, and Instru- 
ments, and Direotions for using the Ecceatrie Cutter, Drill, 
Vertioal Cutter, and Circular Rest ; with Patterns and Instrua- 
Wona for working them. Illustrated by numerous EngraTinga. 

In One Volume, 12ino 75 eta, 

Tho olject of Ihe Tamer's GompulDD is to nxpli^n In a olssi, oonoiEfl, 



rk that tbiselegsut little trestiss 
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THE PAINTER, GIIDER, AlfD VAaHISHEE'S 
COMPANION: 

Containing Eules end Regulations for Bvcry thing ceUtiiig to 
the arts of Pointing, Gilding, Varnisliing, and Glaaa Staining; 
nnmecous uaeful and valuable Receipts ; Tests for the deteotion 
of Adulterations ia Oils, Colours, &e., and a, Statement of the 
DiBeaBBB and Aceidenta to whieh Painters, Gilders, and Var- 
nishers are particularly liable ; with the simplest methods of 
Prevention and Remedy. In one rol. small 12mo., elotli. TGots. 

Bejeoting nJl tbsX appeaf«4 fbreign to the sut^ect, tlie compiler hss oraittei 
QotLlug of real practical voi'Ui' — ^ua^s Mej-ciianfa MagasiuB. 

An oicellent prueHail work, and one whldi the ptBoUcal maa Ciinnot afford 



THE BUILBER'S POCKET COMPANIOIT : 

Containing the Elements of Building, Sur^ejing, and Archi- 
teeture ; with Priiotical llules and Inatruoljons connected with 
the subject. By A. C. Smkaton, Civil Engineer, &o. In one 
volume, ISmo. $1. 

Contests :— The Builder, Carpenter, Joiner, Maaon, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Surveyor, 
Cohetive Strength of Bodies, Architect. 

It ^ve9, In a small bphj», the most tlioTongh direetions to tho bvllder, from 
(he Jcjiat of a brict, or the felling of a tree, un lo thB most elabotats pn> 

nniBtelliglble, and every liooe^cBilienler, maalerjouroeyman, or apprentice, 
aliinild liava n copy At band always. — EoeTtwig BuUetin. 
Compleia on tlie anljecla of nMch It treats. A most useful praoUcal ucr]:. 

It muat be of great practteal utUity.— fiiiwHHiaS SepiibHam, 



troals^Fo. Berald. 
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THE BYEE ADD COLOUE-MAKEE'S COM- 
PANION: 

Containing up waide of two huniived Receipts for making Co- 
lorB, on the most approved principles, foe all the various styles 
and fabties nov in existence ; ivith tlic Scouring Fracess, and 
plain Directions for Preparing, Waaliiag-off, and FinisMng the 
L one volume, small 12mo., clotli. 75 cts. 






THE CABINET-MAKER AND UPHOLSTERER'S 
COMPANION: 

Comprising the Rudiments and Principles of Cabinet Mating 
and Upholstery, witii familiar instructions, illustrated by Ex- 
amples, for atttuning a profioienoy in the Art of Drawing, aa 
applicable to Cabinet Work; the processes of Veneering, Inlay- 
iag, and Bull Work; tlie art of Dyeing and Staining Wood, 
Ivory, Bone, Tortoise-aheH, etc. Directions for lackering. Ja- 
panning, and VaraiHliing; to make French Polisii; to prepare 
the best Glues, Cements, and Compositions, and a number of 
Receipts particularly useful for Workmen generally, with Es- 
planatory and IllustratiTe Engravings. By J. Stokes. In one 
volume, 12mo., with illustrations. 75 ots. 

THE PAPER-HANGER'S COMPANION: 

In wWcli the I^aetioal Operations of the Trade are ajstem- 
atxcally laid down ; with copious Directions Preparat.oi-y to Pa- 
pering ; Preveniaons against the effect of Damp in Walls ; the 
various Cements and Pastes adapted to tlie several purposes of 
the Trade; Obseryations and Directions for the Panelling and 
Ornamenting of Rooms, &c. &c. By James ABBOwsjiirs, In 
One Volume, 12mo. (In press.) 
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THE TEiriT, FLOWEE, AND KITCHEN GARDEN. 

By Paieiok Neill, L.L.D. 

Thoroughlj reviaed, and adapted to the olimate and seasons 

of the United States, by a Practical HortioulturiBt. Illnatrated 

bj numerous Engravings. In one volame, 12iflo. $1.25. 



HOUSEHOLD SITfiGERY; OR, HINTS ON EMEIU 
GENCIES. 

By J. F. South, one of the Surgeoos of St. Thomes's Hos- 
pital. In one volume, 12mo, Illuatcated by nearly fifty En- 
graYings. $1.25. 



The Dodofs Shop. — Poultiooa, Fomentations, Lotions, Lini- 
ments, Ointments, Plasters. 

Surgery. — Blood-letting, Blistering, Vaooination, Tooth-draw- 
ing, How to put on a Eoller, Lancing the Oums, Swollen Veins, 
Brmaes, WountJa, Torn or Cut Achilles Tendon, What is to be 
done in caaea of sudilen Bleeding from larious causea, Scnlda 
and Buma, Froat-bite, Chilblains, Sprains, Broken Bonea, Bent 
Bones, Dislocations, Ruptures, Piles, Protruding BowelB, Wet- 
ting tlie Bed, Whltloir, Boils, Black-heads. Ingrowing Nails, 
Bunions, Corns, Sty in the Eye, Blight in tbe Eye, Tumours in 
ilie Eyelids, Inflammation on the Surface of iiie Eye, Paatules 
on tha Eye, Milk Absoeases, Sore Nipplos, Irritable Breast, 
Breathing, StiSing, Choking, Things in the Eye, On Dress, 
Exercise and Diet of Cliildren, Bathing, Infections, Obaervations 
on Tentilation. 



HOUSEHOLD HEDICINE. 

In one Tolume, 12mo. Uniform with, and a 
tlie atiove. (In immediate preparation.) 
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THE ENCYCLOPEDIA OF CHEMISTRY, PRACTI- 
CAL ASD THEORETICAL: 

Embraoing its application to tlieArta, Metallurgy, Mioeralogy, 
Geology, Medicine, aud Pharmacy. By Jamkb C. Bootu, Melter 
and Refiner in the United States Mint ; Professor of Applied 
Chemistry in the Fraaklin Institute, etc.; assistetlby Cajipbbll 
MoBFiT, author of "Chemical Manipulatioaa," etc. Complete 
in one Tolume, royal oetftTo, 978 pages, witii numeroua wood 
cuta and other illustrations. $5. 

It coTsn Uia nhols detd of Ohemlstry asftppllcd to Acts und Scicncoa. * " * 

A work of time aud latiour, and b treasnij of ihemical Infiirmatlon.— JVorfi 

An inTaloBble work fot bi9 dfs^emSmttion of eound pi-AD^caJ knowledge. — < 
AtnasuTj of cliffliiiaal iniOrmatJoii, tnala^iue all UiB latest and most import- 
unoEfld M the ajdount of 



At tha flteC ffloJice at lids nmaBivo vol 
readhu: fbmlaEed la Its (wmptct d<rabls i 
A f1al£ar examlDAitloii diowa tiiat btbt 



BTBry vag9 Ifl rlohlf ^lond iritfa jnAn-mik' 
uvfl, luuj Liubh nuiui uH jBuuu» ui. iii9 auuraa luTO otTflrad ■ vld« flald, ihey 
baTe nesleclfld of BlTflitad notldng. Broty obemkal term, oulutaiua, and pnh 
MIS ti elaboiately, but InleUl^lr, dSHiiljeiL Tbe KboIeeoleniwafOhemlsbT 
la plawd bbAire tha reador u folly u Is praatloabla, irith a ndence oontlqiiHl^ 
progresMiig. * * Unliho mcflt Amarlisat irorkB of tbto olasB, Ha aathora litn« ' 
not dopeiwd Txpon any ono Buropeflji work fin iholr materia]!. They baT« 
nU^ursd tbidra from Irorka 01 Okendrtry In pJl langiuAC^ and In aJl parto of 
Bnnpg and America; Ibell own sxpedeniie, u praaiiisl ahemlBti, bebig erer 
Teadfto'eettledonbtiamnnidlecoDflldliisaiiUioritlea. Thefrolt of sommifa 



PEKFUMEETi IIS MAMTOACIUIIE AND USE: 

With Instructions in every hraneh of the Art, aud Receipts 
for all tho FashionaWo Proparationa ; the ■whole forming a ralu- 
»He aid to the Perfumer, Druggiat, and Soap Manufacturer. 
Illustrated by numerous Wood-outs. From the French, of Cel- 
nart, and other late authorities. With Additions and ImproTS' 
ments by Campbell Monrir, one of the Editors of the " Ency- 
clopedia of Chemistry." In one volume, 12mo., cloth. $1. 
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A TIIEATISE ON A BOX OF INSTRTTMENTS, 

And the Slidk Rifie, witli the Theory of rrigonometrj ana 
Logaritlinia, including Practical Geometry, Suvrejing, Measur- 
ing of Timber, Casi and Malt Gauging, Heights and Distances. 
Ej TnoMis Kbbiise. In One Volume, 13nio. (In press,) 



STEAM rOE THE HOLLIOIT. 

Au Elementary Outline Treatise on the Natnre and Manage- 
ment of Steam, and ihe IMnoipleB and Arrangement of the 
Engine. Adapted for Popular Instruction, for Apprentieea, and 
for the use of the Narlg-itor. With an Appendix containing 
Notes on Espau^iive Steam, &o. In One Volume, 8T0...37^cta, 



SYLLABUS OF A COMPLETE COURSE OF LEC- 
TURES ON CHEMISTRY: 

Including its Application to the Arts, Agriculture, and Mining, 
prepared for the use of the Gentlemen Cadets at the Hon. E, I. 
Co.'s Military Seminary, Addisoombo. By Professor E. Sollt, 
Lecturer on Chemistry in the Hon, E. L Co.'s Military Seminary. 
EeTised by tlie Author of "Chemical Manipulaliona." In. one 
volume, octavo, oloth. $1.35. 




Healed byGoogIc 



10 
ELECTROTYPE MANIPULATION; 

Being the Theory and Plain Instructions in tlie Art of WorMng 
in Metals, bj Precipitating them from their Solulions, through 
the agency of Galvanio or Voltaic Electricity. By Chaklbs V. 
Waikeh, Hon. Secretary to tlie London Eleotrieal Society, etc. 
Ulustrateii by Wood-cuts. In one volume, 24nio., cloth. Prom 
the tMrteentli London edition. 62 ots. 



PHOTOGENIC MANIPULATION : 

Containing the Tlicory and Plain laatriietjons in the Art of 
Photography, or the Productions of RcturBS through the Agency 
of Light- including Calotype ChryBotype Cjanntype, Chroma- 
TTp In gi yp Au h yp Amphi ype D guorreotype, 
Th -m ph E nd Ga an Imp ions. By 

bE ROB Tn F HEB J A an n L oratory of 

tl L ad n In ti uti a 111 atel by w d In one vo- 

□me 4m th 6 

MATHEMATICS FOE PRACTICAL MEN: 
Being a Common-Place Book of Principles, Theorems, Rules, 
and Tables, in various departments of Pure and Mixed Mathe- 
raatics, with their Applications; especially to the pnrsnits of 
Surveyors, Architects, Mechanics, and Civil Engineers, with nu- 
merous Engravings. By Ounthcs GBEaonY, L. L. D. $1.50. 



AN ELEMENTARY COURSE OF INSTRUCTION 
ON ORDNANCE AND GUNNERY: 

Prepared for the use of theMiJgliipmen at the Naval School, 
By Jambs H. Wabu, U, S. N. in one volume, octavo. $1.50. 
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SHEEP-HUSBAin)KY IN THE SOUTH: 

Comprising a Treatise on the Acolimatinn of Sheep in the 
Southern States, anl an Account of the different Breeds. Also, 
a Complete Manual of Breading, Summer and Winter Manage- 
ment, and of the Treatment of Diaeases. With Portraita and 
other Bluatrations. By Hemky S. Randall. In One Volnine, 
octavo $1.25 



ELWOOD'S GRAIN TABLES : 

Showing the value of Bushels ajid Pounds of different kinda 
of Grain, calculRitcd in Federal Money, so arranged as Co exhibit 
upon a single page theTsJue at a given price ftom (ct «nte to two 
dollars per bushel, of any quantity fcoraoite pomtd io ten iliotitand 
bmhels. By J. L. Elwooh. A new Edition. In One Volume, 

12mo $1 

Io Mlllen and Proltnce Dealen tills work Is proncmnced by all vliD bsvs It 
in nSF, lo be snperior in anaogsuient to any vork of tlie hind publlslied— and 



MISS LESIIE'S COMPLETE COOKEST. 

Directions for Cootery, in ita Various Branohos, By Miss 
Leslie. Forty-second Edition. Thoroughly Revised, vriti the 
Addition of New Receipts. In One Volume, 12mo, half bound, 

or iu sheep $1 

In prepBring B new and CKreFiUly revised edltko of this my first nork on 
(Bokery, I ha™ introduced improveinents, correoted ernira, and added new 
rsCelp^ that I trust nill on trial bs fbund eBUB&etm7. The success of Che 

dsncs ^Bt It has obtiJned the approl»tlon of a lana iininber of injr nonntiy- 
vDman; mu^of vluun bave ivtOrmed me -that It bus mada pTaatuKd hedaa. 
wivss of young Isdlefiwbobava antered Into married llibwlrJi no otliar acq vIfs- 
menta tban s tbw ihowy acoomplJBlijnentB. OanUamen, alio, have hdd me of 
great Iraprovcments In the funfly Cable, aflsr pFCBeiidiig their irlves with thlfl^ 



miss lESIIE'S TWO HUNDEID SECEIPTS IN 
FEESOH COOKEEY. 
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TABLES OP lOGAEITHMS FOE ENGINEEES AND 
MACHINISTS : 

Containing the LogarJthmB of fie Natural Niimliera, from 1 to 
lOOOOO, hj tlie help of Proportional Differences. And Loga- 
rilimio Sines, Cosinea, Tflngenta, Co-tangenta, Secants, and Co- 
secants, for every Degree and Minnte in tlie Quadrant. To 
which are addeil. Differences for every 100 Seconds. By Ohvek 
Bykkb, Civil, Miljtarj, and Mechanical Engineer. In One 
Volnme, 8to. flioth $1 



TWO HiraDEED DESIGNS FOE COTTAGES AND 
VILLAS, &c. &e. 

Original and Selected. By Thomas U. 'Walteii, Architect of 
Girard College, and John Jay Smith, Librarian of the Phila- 
delphia Library. In Four Parts, quarto $10 



ELEMENTAEY PRINCIPLES OF CAEPENTRY. 

By Thomas TaBnooLD. In One Volume, quarto, with nume 



A TREATISE ON BREWING AND DISTILLING, 

In One Volume, 8yo. (In press.) 



FAMILY ENCYCLOPEDIA 

Of Uaeflil Knowledge and General Literature ; containing 
ahout I'onr Thousand Articles upon Scientific and Popular Snb- 
jecia. With Plates. By John L. Blake, D. D. In One Volume, 
8vo, full bound $5 



SYSTEMATIC ARRANGEMENT OF COKE'S FIEST 
INSTITUTES or THE LAWS OF ENGLAND. 

By J. H. Thohas. Three Volumes, 8to, law sheep $12 

AN ACCOTTNT OF SOME OF THE MOST IMPORT- 
ANT DISEASES OF WOMEN. 
By RoBEKT GoooH, M. D, In One Volume, 8vo, slieep...gl.50 
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STANDARD ILLUSTEATED POETRY. 



THE TALES AND POEMS OP lOED BYRON: 

Illustrated by Hehht Warhen, In One Volume, royal 8to. 

■with. 10Plat«a, scarlet eloUi, gilt edgea SS 

Morocco eslra S7 



CHILDE HAROLD ; A ROMAUNT BY LORD BYRON : 

niustrated by 12 Splendid Plates, by Wabbeb and others. !□ 

One Volume, royal Sto., oloth extra, gilt edges S5 

Morocco estca $7 

Priot«a in eloBunl atjio, MiUl splencUa pictures, far superior to any tMng 0( 
the sort UEuallj IbnniJ m Ijooks of thia tlnd.— JV. r. Cmrier. 



THE FEUIAIE POETS OP AUERICA. 

By Ruirs W. Gbiswold A epw Edition In One Volume, 
royal 8vo. Cloth Rilt $2 aO 

Cloth extra, gilt edges S3 

Moroeoo super esfra $4 60 

the moBt valuable contribution wMoli lie has oier made to the lifcrarj celebr (j 
of the oountiy.— JV. T I'nhme. 

THE LADY OF THE LAKE: 

By SiE WAtTEn Scott. Illustrated with 10 Plates, hj Coii- 
BOCLB and Mfajjows. In One Volume, royal 8yo, Bound in 

cloth extra, gilt edges $5 

Turkey morocco super extra $7 



L ALL A ROOKH ; A ROMANCE BY THOMAS MOOEE : 
Illustrated by 13 Plates, from Designs by Coreould, Mea- 
dows, and Stephanoff. In One Volume, royal 8vo. Bound in 

Turkey morocco super extra $7 

This 1b publislieil ia a Btjle uniform wiOi tha " Lady of the Uko." 
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THE POETICAI WORKS OF THOMAS GEAT : 

With Illustrations by C V! Eadoliff. Edited wiOi a Memoir, 
by Henry Reed Profea=or of Englisli Literature in tie Oni- 
Tersity df PennaylTania. In One Volume, 8vo. Bound in cloth, 

eitva, gilt edges $3.50 

Turkey morooco super extra $5.50 

Tt (a many a da? eJDce we liar^ ssun Isenecl from tbs preea of fmi CDOQtry (t 
ToJum« so complete nud tmlj elegnat In arory respeoC Tb» tjpoferapby la 
aulllcBB, the illuatrationB Bupenor, and ths Wn^ng Buperb.— n™ wh^. 

We hEva Dot seen a Epedmea-of ^paarnlilcBl Iniun tnaa Ow Aauaieux 
SKBS which can imirass ttils^umeln^oloe^guiiK-^iibm Oi^ 



THE POETICAL WOEKS OF HENRY WADSWORTH 
LONCfEEIlOW: 

Illustrated by 10 Plates, after Designs by D. Huntinobon, 
■with, a Portrait. Ninth. Edition. In One Voiumo, royal 8to. 

Bouud in olotli extra, gilt edges $5 

Morocco super estra $7 

Beolsd in s form of unaarpmBri ieaat^.—NeOTi QnieUe. 



POETS AND POETRY OF ENGLAND IN THE NINE- 
TEENTH CENTURY. 
Ey Roi'ua W. GaiawoiD. Illustrated. In One Volume, royal 

Sto. Bound in aloth $3 

Cloth extra, gilt edges..... $8.50 

Morocco super extra $5 

19 to bo found bnt is roclolEnt »ilh beauties, and the TOlnms Itself atj be le- 



THE TASK, AND OTHER POEMS. 

By Wiw.tASi Cowtek. Illustrated by 10 Steel Engravings. 

In One Volume, 12mo. Cloth extra, gilt edges $2 

Morocco eitra $2 

"The illustratiops In this edition of Cowf er sie most exauisilclrdeugned and 



Healed byGoogIc 



THE FEMALE POETS OF GREAT BRITAIN. 

With Copious Seleetiona and Critical Remarlia. By Pkedebic 
EowTON. With Additions by an Amerioaii Editor, and finely 
engraTBd Illustrations by celebrated Artjsls. In One Volume, 

royal 8vo. Bound is clotli exb'a, gilt edges $S 

Turkey morocco $7 

Mi. Rowton has presented as nit^ admirnbl; EclQctflfl speclm&ns of ne^l; 
time of Lad7 JuUnDft B«rDe&, tlie flr^t of vhom there is any record, to ^e 



SPECIMENS OF THE BRITISH POETS. 

Prom the time of Chancer to ilie end of tbe Eighteenth Cen- 
tury. By Thomas Csmfuell. In One Volume, royal 8to. 
(In press.) 



THE POETS AND POETRY OF THE ANCIEirCS: 

By William Peteb, A. M. Comprising Translations and 
Speeimeiis of the Poets of Greece ajid Home, with, am elegant 

engraved Vicir of the Coliseum at Some. Bound in cloth $3 

Cloth estra, gUt edges $3.60 

Turkey morocco euper extra $5 

It is without ftar thst we eaj Biot no soeli ticellent or complato coHeeUon 
baH ever bsea nwie. It is madii wllh skiU, ttute, mi iuagiaent^G harlestim 



THE POETICAL WORKS OF N. PARKER WILLIS. 

lUuBtrated by 16 Plates, after desigus by E. Leutzb. In One 
Volame, royal Bto. A new Edition. Bound in cloth extra, 

gilt edges , $5 

Turkey morocco super extra |7 



day pfttsauLfl.— Tf^ Om6iaei 
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MISCELLANEOUS. 



ADVENTTEES OF CAPTAIN SIMON SUGHJS ; 
And other Sketches. By Johnson J. Hoofeb. With Elustra- 

tioDB. 12nio, paper 50 eta. 

Cloth G2ct8. 



AUHT PATTY'S SCRAP-BAG. 
B; Mrs. Cakoiinb Lee Hentz, Author of "Linda." ]2iao. 

Paper oovers SOcts. 

Clodi 62 Ota. 



BIO BEAR OP AEKAirSAS; 

And other 'Weaterii Sketolies. Edited by W. T. Fobtkr. In 

One Volume, 12mo, paper 60 cts. 

Cloth 62 Ota. 



come BLACKSTONE. 

By GiLBBBT Abbot a' Eecket. Illustrated, i 
Volume. Cloth .". 75otH. 



GHOST STORIES. 

Illustrated by Designs by Daelbt, Id One Volume, 12mo, 
paper covers 50 c(^. 



MODERIT CHIVALRY; OR, THE ADVENTURES OF 
CAPTAIN FARRAGO AND TEAGUE O'RJEGAN. 

By II. II. EaACKENRlrGE. Second Edition since the Author's 
death. With a, Biographical Notice, a Critical Diequisition on 
the Work, and Eiplanatary Notes. With IHuatratioBS, from. 
Original Designs by Daklbi. Two yolumes, paper covers $1.00 
Cloth or sheep $1.35 
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COMPLETE WORKS OF lOED BOLINGBEOKE; 

With a Life, prepared espresslj foe this Editioo, ctmtiiaiiing 
Additiona,! Infonnation relative to his Personal and Public Cha- 
racter, selected iVom the baat aatharitieB. la Four Talames, 

8vo. Botmd itt cloti $6.00 

In sheep 7.50 

CHRONICLES OF PIHEVILLE. 

By the Aiitior of " Major Jones's Courtship." Illustrated by 

DiEr.EY. 12mo, paper 50 ets. 

Cloth 62 eta. 



GILBERT GURSEY. 

By Thbodoee Hook. With Illustratious. In One Volume, 
Bto., paper 50 cts. 



MEMOIRS OP THE GENERALS, COMMODORES, 
AND OTHER COMMANDERS, 

Who distinguiabed tJiemaelvea in the Amerioan Army and 
Kavy, during tha War of the Ro?olution, the War with France, 
that wifli Tripoli, aod the War of 1812, and nho were presented 
mth Medals, by Congress, for their gallant seryicBs. By Thokas 
WrAll, A. M,, Author of "History of tie Kings of France." 
niustrated witJi Eighty-two Engravings from the Medals. 8vo. 

Cloth gilt $2.00 

HlOfmoroBoo |2.60 



GEMS OE THE BRITISH POETS. 

By S. C. Haii,. In One Volume, 12dio., cloth $1.00 

Cloth, gilt fl.25 



VISITS TO REMARKABLE PLACES : 

Old Halls, Battle Fields, and Scenes HluatratiTO of atrildng; 
passages in English History and Poetry. By William Howitt. 
In Two Volumes, Svo, cloth $8.50 
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HAREATIVE OF THEARCTIC LASD EXPEDITION. 

Bj Captai.1 BAtiK, ri. N. In One Volume, Svo, boarda..4l.50 



THE MISCEILABEOFS WORKS OF WILLIAM 
HAZLITT, 

Including Table-talk; Opinioas of Books, Men, and Thinga; 
Lectures on Dramaitic IiiCerature of the Age of Elizabeth ; Lec- 
tures on the English Comic Writara ; Tho Spirit of the Age, or 

Contemporary Portrtuts. Five Volumes, 12mo., cloth .S5.00 

Halfoalf $6.25 



FLORAL OFFERING. 

A Token of FriendaMp. Edited by Frances S, OsGOon. Illna- 
tratfid bj 10 beautiful Bouquets of Flowers. In One Volume, 

4to, muslin, gilt edges |S.50 

Turkey mor 00 00 super citra $5.50 



THE HISTORICAL ESSAYS, 

Published under the title of "Dis Ans D'Etnile Historiqne," 
and NavratiiBS of the HeroTingiau Era ; or, Scenes in the Siith 
Century. With an Autobiographical Preface. By AnGusrns 
Thierry, Author of the " History of the Conquest of England 

by the Normans." 3to,, paper 75 eta. 

Cloth $1.00 



ROOK OF THE SEASONS ; 
Or, The Calendar of Hatnre. By Wiliiabt Howitt. One 

Volume, 12mo, doth Si 

Calf extra f2 



PICKINGS FROM THE "PORTFOLIO OF THE RE- 
PORTER OF THE NEW ORLEANS PICAYUNE." 

CcmpriEing Sketches of tlie Eastern Yankea, the Western 
Hoosier, and such others as make up Society in the great Me- 
tropolis of tlie South. With Designs by Darlkt. ISmo., 

paper 50 ots. 

Cloth 62 cts. 
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NOTES OE A TBAVEILEK 

On tie Social and Political State of France, Pruasia, Switaer- 
Jaod, Italy, and other parts of Surope, during the present Cen- 
tury. By Samdbl Laiho. In One Volume, 8vo., clotii $1 



HISTORY OF THE CAPTIVITY OP NAPOLEON AT 

ST. HELENA, 

By Gebehal Codnt Montholon, the Umpcror's Companion in 
EsilB and Testamentary Eseentor. One Voliimo, 8vo., elotli, S2.50 
Half moroceo , $3.00 



MY SHOOTIN& BOX. 

By Pbank PoKBESTEit, (Henry Wm. Herliert, Esq.,) Author of 
"Warwick Woodlands," &c. With lUnstrations, by TAnLEY. 
One Volume, 12mo,, oloth 62 ota. 



MYSIEEIES 01? THi: BACKWOODS: 

Or, Stetohes of the Sonti-weEt — including Character, Scenery, 
and Enral SportB, By T. B. Tborpb, Author of " Tom Owen, 
tha Bee-Hunter," So. Illustrated by Dabi.bi, 12mo, cloth, 62 ots. 
Paper 50 eta. 



NARRATIVE OF THE LATE EXPEDITION TO THE 

DEAD SEA. 

Prom a Diary by one of the Party. Edited by Edward P. 

ItfoNrAOuJs. I2mo, oloth $1 



MY DREAMS: 

A Collection of Poems. By Mrs. Louisa S. McCoed. 12mo, 

boards 75 cts 



AMERICAN COMEDIES. 

By Jajies K. Paulpjno and Wh. Ibvino Pauldino. 
Volume, 16mo, boards 5 
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SAMBLES m YUCATAN; 

Or, Notes uf Travel tlirongh the Peninsula ; including aViait 
to tbe Remarkable Ruins of Clii-ehen, Kabai, Zaji, and Uimal. 
With numerous Illustrations. By B. M. Norman. SeTenth Edi- 
tion. In One Volume, octavo, clotli $2 



THE AMEEICAH IH PARIS. 

Edition. In Two Volumes, 

»i 

HflTB, or nny oljier, i£aX wii ta?e '■"f' for tluisa twAa^ y^are. — London Mmtihl^ 

EOBUfSOW CRUSOE. 

A Complete Edition, with Sis Elustcations. One Volume, 

8to, paper covers $1.00 

Clotli, gilt edges $1.25 



SCENES IN THE EOCKY MOITNTAIBrS, 

And in Oregon, California, New Mesieo, Texas, and the Grand 

Prairies; or, Notes by tlie Way. By RoFUS B. Saob. Second 

Edition. One Volume, 12mo, paper covers 60cta. 

With a Map, bound iu oloth 75cts. 



THE PUBIIC MEN OF THE EEVOLUTION: 

Including Events from the Peaee of 1783 to the Peaee of 1815. 
In a Scries of Letters. By the late Hon. "Wm. Suiiivan, LL. D. 
With a Biographical Sketch of the Author, by hia son, John T. 
S. SuiiiYAM, With a Portrait. In One Volume, Svo, cloth...|2 



ACHIEVEMENTS OF THE KNIGHTS OF MALTA. 

ByAiEiAMDEKSnTEEKLABD, In Ouc Volume, 16mo,o]otb, $1.00 



ATALANTIS. 

A Poem. By Wiiliam Gilmobb Simms. I2mo, boards, 37 ct9. 
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IIVES OP MEN OF LETTERS AWB SCIENCE. 

BjHBNiiYLoKnBBOuaBAM:. Two Volumes, 12mo, dotli, $1.50 
Pap^ $1.00. 



THE LITE, lETTEES, AND JOUSNALS OF lOED 
BYKON. 

By TnoHiS Moobe, Two Volumeg, 12mo, doiji $2 

THE BOWL or PtrircH. 

UlustratoiJ by Numerous Plates. 12mo, paper 50 ots. 

CHILDREN IN THE WOOD. 

niustr&ted by Haictey, 12ma, cloth, gilt 60 ois. 

Paper 25 eta. 

CHARCOAL SKETCHES. 

Bj Joseph C. Neai. 'With Illustrations. 12mo, paper, 26 ots. 

THE POEMS OF C. P. CEANCH. 

In One Volume, ISmo, boards 37 eta. 

THE WORKS OF BEHJ. DISRAELI. 
Two VolumeB, 8yo, cloth $2 

NATURE DISPLAYED IN HER MODE OF TEACH- 
ING FRENCH. 

By H. G. DuriEj. Two Volumes, 8yo, boards $5 

NATURE DISPLAYED IN HER MODE OF TEACH- 
ING SPANISH. 
By K. G. DuFiEE. In Two Volumes, 8vo, boards $7 
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FRENCH AND EHGLISH DICTIOW AEY. 

ByN. G. DnFiEF. In One Volnme, 8tOj sheep $5 



FROISSART BALLADS AND OTHER POEMS. 

Bj Philip Pendleton Cooke. In One Volume, 12mo, 



THE LUE OF EICHAfiB THE THIRD. 

Bj Miss Haisted. In One Vclume, Byo, clotli $1.5 



THE LIFE OF KAPOLEOH" BONAPAETE. 

By WmiAia Hablitt. In Three Volumes, 12mo, eloth $3 

Half oalf. $i 



TRAVELS IN GERMANY, BY W. HffWITT. 
EYRE'S NARRATIVE. BURNE'S CABOOL. 

In One Volume, Svo, cloth ■ $1-25 

STUDENT-LIFE IN GERMANY. 

By WiiMAM HoiYiTT. In One Volume, 8to, clotli $2 

IMAGE Of HIS EATHEB. 

By Maydew. Complete in One Volume. 8vo, paper. —25 cts. 

SPECIMENS or THE BRITISH CEITICS. 

By CiiKisTOPiiEK KoETH (Professor Wilson). 12mo, eloth.75 ots. 

A TOTIK TO THE EIVEE SAUGENAY, IN LOWEE 
CANADA. 

By CnAaLBs Lakm.\b. In One Volume, 16mo, cloth... .62 eta 
Paper 50ets 
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TRAVELS IN AUSTRIA, RTTSSIA, SCOTLAND, 
ENGLAND AND WALES. 

By J.G.KoBt.. One Volume, 8vo. cloth $1.25 

LIFE OF OLIVER GOLDSMITH, 

B7 Jambs Pkiob. In One Volumo, 8vo, lioards 2 

OTJR ARMY AT MONTEREY. 

ByT. B. Thobpk. I6mo, cloth 62ota. 

Paper oorera , 50cts. 

Om ARMY ON TEE RIO GRANDE. 

ByT. B. Thokpe. 16mo, cloth 62ots. 

Paper coiera 50 cts. 

IIPE OF lOEEBZO BE MEDICI. 

By William Rosoob. In Two TolumeH, 8to, cloth ^3 

MISCELLANEOUS ESSAYS or SIR WALTER SCOTT. 

In Three Volumes, 12mo, cloth $3.60 

Halfmoroeeo $4.25 



SERMON ON THE MOUNT 

Illuminate I Boards $1 50 

Silk i3 00 

Moioeoo super $5 00 

MISCELLANEOUS ESSAYS OF THE REV. SYDNEY 
SMITH. 

In Three Volumes, 12mo, cloth $3.50 

Half morocco $4.25 

MRS. CAUDLE'S CURTAIN LECTURES lajota. 



Healed byGoogIc 



Healed byGoogIc 



